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THE HONOVRABLE 


AND RENOWNED FOR 


vertue, learning, and true valour, 
Sir KENELME DiGBYE 
Kaight, 


ani 'H E excellent accompliſhment; whey- 
WA with you art adorned both of Tvertue, 
& and learning, and particularly in the 
Mathematicall Sciences,tapether with the Flo» 
wourable reſpe the Anthor hereof beareth vnto 


your Worth , and his defire to teſtifie the ſame, 


bath made mee preſume to preſent onto you, and 


bo; zpmder the be happy anſpice of your renowned name, 


Ih t01he world oe Treatiſe : the owning 
bolgh I ray not chalenge to my ſelfe, yet 
the bite ar produBion,, whereby it bath a being 
£0 the benefit ofotbers, #1, as 6 Vnto a ſecond parent, 
due ronto me. © 

For being in the time of the long -oacation 
'I 16 3.9, in the Country, atthe houſe of the Reue- 

| 4 3 rend, 


The Epiſtle Dedicatorie. 


rend, and my meſt worthy friend, and Teacher, 
M-. William Oughticd (to whoſe inſtruftion I 
owe both my initiation, and Whole. progreſſe in 
theſe Sciences.) I vpon occaſion of ſpeech told him 
of a Ruler of Numbers, Sines, & | angents, 
Which one had beſpoken to be made(Juch as is Vſus 


ally called M*, Gunter: Ruler) 6 feet long,to be 


v/ed with a payre of beame-compaſſes. © He an- 
© ſwered that Was a poore invention, and the pers 
©: formance very troubleſome : But, ſaid be, ſee- 
« zag you are taken With ſuch mechanical wayes 
« of Inſtruments, I will ſhew you what deniſes T 
* haue had by mee theſe many zeares. And firſt, 
hee brought to mee two Rulers of that /ort, to be 
mT'ſed by applying one to_the other, without any 
compaſſes : and after that hee ſhewtd. mee thoſe 
lines caſt into a circle or Ring, with another 
moueable circle vpon it... 1 ſeerng the great exe 


pediteneſſe of both thoſe wayes z, but eſpecially, of 


the Latter, wherein.it farre excelleth any other Tus 


ſtirument which hath bin knowne ; told bim, I'y.0n- 


der: d that hee could ſo many yeares conceale ſuch 
o/efult innentions, not onely from the world, but 


from my Jelje, to Whom in other parts and myFe- 


' © That 


"vY » dr. 


ries of Art,be bad binjo liberal, © He anſwered, 


en ua 


FS As 


_— dE 
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& That the true way of Art is not by Inſiraments, 
« but by Demonitration : and that it is a preps- 
ec ſterons courſe of vulgar Teachers z f0 begin 
« p;th Inſtruments, and not With the Sciences, 
&« ud ſo in-ſtead of Artiſts, to make their Schol. 
c« [ers only doers of tricks, and as it were Tuglers: * 
« tothe deſpite of 4rt, loſſe of precious time, and 
« betraying of willing and induſtrious Wits,conto 
© j2Norance,and id leneſſe. That the yſe of Inſtru: 
&« nents Aſkadeed excellent,if a man be an Artiſt : 
& but contemptible , being ſet and oppoſed to Art. 
& And laſtly, that he meant to commend to me,the 


 * Skill of Inſtruments, but firſt he would haue me 


© well inftrufted mm th: Sciences. He alſoſhewel 
me many notes, and Rules for the fe of thoſe 
circles, an of his Horizontall Inſtrument, 
(Which he had proiefted avout 3  yeares before ) 
the moſt part Written in Latine, All which I ob- 
tained of him leaue totranſlate into Engliſh,and 
make publique, for the oſe, and benefit of ſuch as 
were [tadious,09 louers of theſe excellent Sciences. 
Which thing while 1 with mature,and diligent 
care ( 4s my occaſions would giue me leaue) went 
about to doe: another to whom the Anthor in a 
lowing confidence diſconered this inten: , ſing 
more 


The Epiſtle Dedienorie 


—_— - 


f 


more haſt then good ſpeed, went about to preocn- 


pate ; of which vntimely birth, and prenenting (if 


not circamuenting) forwardneſſe, I ſay no more : 


but aduife the ftudidus Reader, on:ly /o farre to 


truſt,as he ſhal be ſure doth agree totruth & Art. 


And thus moſt noble Sir, withnut any brauing | 


flouriſhes , Or needleſſe multiplying of tautolo- 


gized and erroneow precepts jnnaked truth, and. 


in the modeſt ſimplicity, of the Author himſelf 
(whoſe knowne 5kill in the Whole Sy/teme of Ma- 
thematicall learning, wilteafily free kim from the 
ſuſpicion of- bauing the Way made for him , and the 


ſubie& -onuailed , to belp hu fight) I have nots 


withſtanding vnder the prot: tion of your courtes 
015 fauour,and learned inigement, perſiſted in my 


long conceined purpoſe,of preſenting this tratate- 


to the publique view, and light, Wiſhing withall 
pnto you encreaſe of deſerued honor,and happines, 
May the'y. 1632. 


Bythe honourcr: os abs 
aw" t and admirer | 
| of your Worthines, 


- W1LLIAN ForSTER' 
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FIRST PART 
| ' OF THIS BOONE 


Shewing the vle of the Firſt fade 
of the Inſtrument, for the working of Pro- 


portions both ſimple and compounded, and 


| for the ready and eafie reſolving of que- 

ſtions both in Arichmetique, Geomerrie, 
and yt x by Calcy- 

| | ION. 


"I CHraP. I, 


f Of the Deſcription, and vſe of the Circles - 
_ ©" ow #his- Firſtlide, - i 

=& Here are two ſides of this Inftrament. On 
the one fide, as it were in the piaine of 
Dorf Hot the Hovizen, isdelincated the Provettion of 
"WW be Sphere. On the other fic there are di 
vers kindes of Circles,divided after many ſeycrall waics ; 
B tOge= 


Pay —— 


—————————_— IE 


— 


gprcs udche Fourth circde ſignitic {o many hundreds. And 


The Deſert ption and Vſe PakT 1. 
together with an /»dex to be opened after the maniſer of 


a paire of Compaſſes, - And of this ſide we wiil ſpeake in 


the firſt place. 
2 The Fsff, or outermoſt circle is of Sines,from 5 de- 
grees 45 minuts almoſt, vntill go. Every degree till 30 


tedivided into 13 parts, each part being 5 min : from 
thence yntill go deg: into fixe parts which are 10min: 


a peece : fromchence vnrtill 75 degrees into two parts 
which are 3o miautesa pecee. After that vnto 85 deg: 
they are not divided. 

3 The Second circle is of T angents,from 5. degrees 45 
min: almoſt, untill 4y 'degrees. | Every degree being di- 
vided into 12 parts which are 5 min * a pcece. 

4 The Thwdeircheis of T agents, from 45 degrees 
untiil $4 degrees x5 minutes. Each degree being divi- 
ded into 13 parts, whichare 5 min: a pcece. 

\.5 The Sixy cirelris of Taxgenrs from 84 degrees till a 
bout 89 degrees 25 minates. 
The Seventh csrcle is of Tangents from aboat 35.min: 


_ till 6. degrees. 


The Eight circle is of Sines, from about 35 minutes til 
GS id Rd: lat arcotd) 

6 The Fowrth circlt is of Pnequall' Nambers , which 
are noted with the Figures 2, 3, 4, 5,6, 7, 8,9, 1. Whe- 
ther you vnderſtand them to bee fingle Numbers, or 
Tenns, or Hundreds, or Thouſands, &c. Andevery ſpacc 
of thenumbersrill 5, isdivided into x00. parts, but after 
5 till x, iato 50 parts... + -.::') 

The Foxrth circle alſo ſheweth the rrwe or natural 
Sives,and Tangents,: For it the Ivdem bee applyed to any 
Sinevor Tangent,it will cut the 47me Sywe or Tangent in the 
fourth circle. And wee are to knowe that if the Sine or 
Fangent be in the Firſt, or Second circ/e,the figures of the 
Faxrth circle doc fignific ſo many thouſands. Bur if the 
Sive or T agent be 19 the Seventh or Eight circle, the fie 


iF 


Ap 


ParT 1. of the (iclesin firſt fade. 


if the Tangent bee in the Sixt circle, the figures of the 
Fourth circle, ſignific ſo many times tenne thouſand , or 
wholc Rady. ; | 

And by this meanes the Sine of 23*, 39 will bee 
found 3987 : and the Sine of it's complement 9171. 
And the Tangent of 23*, 30' will be found 4348 3 andthe 
Tangent of it's complement, 22998. | And the Radius is 
1c000, that 15 the figure 2 with forire cyphers, or Cir- 
cles. And hereby you may finde out both the lunime,and 
alſo the difference of Sints, and Tatigents. 

7 The Fift cirele is of £quall nuwwbire, Which are 
noted with the figures 1,2, 34; 5, 6:7, $, 9, 03 and c- 
very ſpace is divided itttb'ros'2quailifarts; - 7 CN 

This Fift evrcleis fearfe of thy Uſe, Bat onaly char by 
helpe thereof the given diſtmice of hitanber#may be madl» 
tiplied, or divided, as ticede hall require, tn ooo 

As for example; if the'Tpice betweene' 19 (af 
14933? + bee to bee ſeptuplecd. Apply the Index vnto 
112833 + inthe Fourthcircle, and it will cut in the Fift 
circle 03476+ ; which multiplyed by 7 makes 24333 * - 
then againe, apply the Index ynto this number 24333 in 
the Fift circle, and it will cut inthe Feath circle 2751: ++ 
And thisis the ſpace beeweene 1129 and 1198334 icptu- 
pled, or the Ratio betweene 100, and 108; leven times 
multiplicd into it (elfe. 

And contrarily, if 117512 bee to bee divided by 7 : 
Apply the Index vnto 117558 in the fourth circle, and it 
wul cut in the ficcircle 34333 : which divided by 7 gi- 
vetho3476+. Then againe vnto this Number io the 
Fift circle arply che Index, and inthe Fourth circle it wil 
cut vpon 119823 for rhe Septupartion ſought for, 

The reaſon of which Operation is, becauſe this Fife 
circle doth ſhew the Logarnhmes of Numbers. For 5f the 
Tudex be applyed unto any number im the Foarth circle, it will 
#n the Fift Circle cus pon the Logarithme of the [ame num 
ber, ſe that tothe Logarithme found you pre,"xea Caratte- 

b. 4H B 3 T iſticall 


The Deſcription and Vſe,cc. Pa RT Is 


riſticall (4 CHafeer Brigs termes 5r) one leſſe then 11 the 
wamber of the places of the integers propoſed ( which you 
may rather call the Gracuall Number ). So the Loga- 
rithme of the number 2 will bee found 0.30103. And 
the Logarithme of the Numver 4315 w:ll bee found 
163949. o 
Numbers are mwltiplied by eAddition of their Loga- 
rithmes : and they are Devided by Subſtrattion of their 
Logarithmes- 
8 In the middeſt among the Circles, is a dowbie Ne- 
fnrnd inſtrument, to ſhew the hower of the night. - 
9 The right line paſſing. through the Center,through 
90, and 45 I call the Line of Y nicie, or of the Radine, 
110 Thate rae of the Index which in. cucry Operati- 
on is placedat the Antecedent, or firft terme', I call the 
Amecedent arme : and that which is placed at the conſe+ 


quent terme, I call the Con/equen; Arme. 


Cuar. 
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Part '. 0 the Ral's of Proportion. 


— 


Cnay?. 11. 
of rhe Operation f the Rule Of Dtovoi '.n! 2 4 
alſo of Mwultiphcation, and Divo, 


1, 7 heor core, 


numbers given. . 

Theoreme., Tf of three numbers given,the ſecord 
diyide the firſt, and the. quotient divide the third ; 
this later quorient ſhall bethe fourth proportionall, - 
to the three numbers given. 

Neither is it materiall whether of the two numbcrs 
after the firlt be ſecond, or third, 

2 And note thar in Reciprocal proportion, that terme by 
Which the queſtion is made; Bur in Dire# proportion the 
terme that is homogeneal thereto, is the firft terme, or the. 
Antecedent of the firſt ratio. | 
3. And. therefore out of theſe foundations thus layd, 
if you rightly conceive the nature of the Logarithmes) 
th follow the finding ont of the forth propertionall by this 
Infirument : whereot this isthe Rule. 

Open the Armes of the Inſtrument to the diftance of the 
J»>ft, and ſecond number : then bring the Antecedent arme, or 
that Which flood vpes the firſt er 2310 thethind, and (0 
the conſequent arme, keeping the ſame opening , Will hey the 


Jonrth namber ſought for. 


In which operation theſe foure things are diligently 
ta be conſidered. 
444. B 3 - Firſt, 


= . —_ 


Firſt, in conſtituting the places of each number 
in the fourth circle ; whether the figures written 
in the ſpaces do? ſignifie Yaites 5 Tenns, or 
Hundreds,exc. 

Secondly , if that arme which ſheweth the 


fourth proportional! , doe reach beyond the line of 


the Radius; that then you doe account the fourth 
#1 a new Circle or degree. 

Thirdly, whether the fourth number ſought, 
ought to be greater, or leſſer then the third, For 
if « fourth number bee offered greater then the 

third , when it ſhould be leſſe , or leſse then the 
third when it ſhould be greater , it is a ſigne that 
that number doth appertaine to a circle of « 4110» 


ther d:gree. 


Feurthly, that looke what trae diflance'v Was 
betweene the firſt and ſecond , that the ſame bee 
ſuppoſed betweene the third and the _ and 
al/2 on the ſame part. 


4 And for becauſe Multiplication and Divifies, who! 
a cerraine implicite proportion : we will kpeake of them 
in the firſt place. | 
5 In Huliplication, As an Vnite is'to vacps bb Yattorbs 
(or numbersto be muttiplicd:) /o# is pracas pep hr A 
r0 the proautt. | 
And the product of two numbers ſhall have ſo any 


Places as —_ bein both the facores,it theteflerofthent / 


exccede 


Of Myltiplication and Di viſion. Part 1, 


2 HET 


Ny nn 
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Parr 1. Examples of Mxluplication. 


——_—_ 


exceede ſo many of the firſt figures of the produtt: But it 
it doe not exceede, it wil! have one lefle. | 

6 eAnd in Diviſion, As the Di&vijor # toanVate; (0 ts 
the Dividend, to the 2 uotient, 

And the Quotient ſhail have ſo many places, as the 
Dividend hath more then the Divitor, if the Divifor ex- 
ccede ſomany of the firſt figures of the Dividend: bur if 
it doenot exceede, it ſhall hayc one place more. 

7 Wherefore let this rule bee ſttll carefully kept in 
minde : that /» Mnltiplication the firſt terme of the inipli. 
cite proportion 1s evermore 1: And in Diviſion, the firſt 
terme ts the Deviſer, 

And thus much concerning the operation of Propor- 
tion, Multiplication, and Diviſon, I thought meete to ad- 
moniſh, leaſt hereafter in Multiplying, er Dividing, or 
ſecking ovta fourth proportional, wee be conſtrained to. 

repeate the lame things many times over, 

8 An cxample of Adutiplication. How many pence are. 
there in 47%. 9® ? Fer becaulc 1 ſhilling containes 12 
pence, and 1 pound containes 20 ſhillings, that is 240 
penee :, yott ſhall multiply 47 by 240, ands by 12, and 
then adde together the products. 

Inthe firſt 2dwnitiplication, 

t.: +1407 .4.8 2 : nn; 


For ict the Army of the-Index at 1 and 47in the fourth 
circle ; and then bring the Antecadent arme (which ſtood 
at 1) vnto 240,and the Con/equent armewill ſhew 11280. 

Againe inthe ſecond Aultiplication. 

SH EE CZ. 


For ſet the two Armes of the Index at x and 9 inthe 
fourth circle ; and bring the Antecedext arme unto 122, and 
the Conſequent arme will ſhew 108. Laſtly,adde together 
11280 and 108 and the ſumme 11388 will be thenumber 


of pence contained in the ſaid ſumme of 47, g®. A 
9. An- 


nd 


Exampl:s of Diviſuon. | PakT 1. 


——_ —_— 


..9 An example of Diviſion. How many pounds, and 
ſhillings are in 11388 pence? Duvide 11388 by 2403 
the diviſion is thus. . | 


240 - 1 : 2 11388 « 4759 — 


For ſetthe two Armes of the Index at 240, and 1 in 
the fourth circle: and then bring the Antecedent arme 
(which ſtoodat 240) unte 11388 ; and the Conſequene 
arme will ſhew 47 and almoſt an halfe. 

But how many ſhillings that exceſſc doth containe wil 
2ppeare, lf firſt you finde by Maltiplication that 11286 
pence are contained in 47% : which ſubduted-from 113 88 
there will remaine for the exceſſe 108 pence. . After- 
wards by diviſion you may ſecke how many ſhillings arc 
in 108 pence : the diuifion is thus. 


ne 3 2 4 = £8 Yo Me 
For ſet theiArmes of the Index at 13andr'; then 


bring the Antecedent arme(which ſtood at x 2) unto 108; 


and the Conſequent arme will ſhew 9. 

9 eAny Frattion given may bee reduced into Decimal 
parts 5 thus, . 8 ET X 

Set the Antecedent arme of 'the Index at the Denomi- 
nator of the Fration given, inthe fourth circle, and the 
Contequent afme at the Numerator , then keeping the 
{ame diſtance, bring:the Antecedent arme unto x, andthe 
conſequentarme will thew the decimal parts, 


Sozt3 is 075... And 25 ig01396—' © 


a - | 3 3 
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Now follow certaine exansples of 
Proportion, 


Example T. 


F lings, for how many ſhillings was 9 elnes fold? 


, «1 "ut 
New! \þ 
ilt' 


" Ma, LE ; ! | _- 
| ; D F 54 Elnes of Holand bee ſolce for 96 ſhil 


The termes given are 


66 = 00- 2£3:..9  £ 

According to the 2 Chap. z Set. Set one of the armes 
of the Index at the Antecedent rerme 54 in the fourth 
circle, ani rhe other arme at the conſequent terme 96 : 
then keeping that diſtance, bring the Antecedent arme 
vnto9; ani the conſequear arme beyond the 4ne of the 
Radins will ſhew 16 for the fourth proportionall , accor- 
ding t- the conſiderations 19 the 2 Chap. Set 3. 

1herefore 


1d - # 14 $& - 8 


are proportionals. And 16 (hilliags is the price of 
9 Elnes. 


Example Ti. If 108 buſhels of corne be ſufficient for 
a company of Souldiers keeping a Fort, for 36 dayes, 
How many dayes will x 2 buſhels ſuffice that tame num- 
ber of Soaldicrs? Thetcrines giucnare 


Io8 oe 36 . £4 - IS 's | 


Sct one Arme of the Index-atthe Antecedent terme 
108 inthe fourth circle , and the other Arme at the con- 
ſequent rerme 12, (being mindfall of rhe conſiderations 
inthe 2 Chap. 3 SeR.) then keeping that ſame diſtance, 

-- bring 


| 
: 
't 
f 
4 
b 


| Examples of Proportion, ParT 1. 


OE IF I new oro rr rip et er EEE er Ion on *”©— CC 
= — ——s — — —— Ce ———_— 


PPE the AnteceJentarme vnto 36 ; and tho coalequen 


arme will ſhew 4. 
Therc fore 


me +72 33. $ 


ſhall bee proportionals. And 4 is the number of dayeg 
ſought for. 


. Exemple II, There islayd vp ina Fort ſo muchcorne 
as will turtice for 75 6 Souldiers which keepe that Forr, 
for 1 g6dayes : how many Souldiers will that ſame corne 
ſuticc for 364 dayes ? 

The Proportion 1s$ -106: Apa therefore the termes 
givenare | 


364 : 756 :: 196 « 

Set one Arme of the Index at the Antecedent terme 
364, and the other Arme at the conſequent 196 : and 
keeping the ſame diſtance, bring the Antecedent arme 
vnto 756 and the conſequent arme will ſhew 407 +: 
And therefore for ſo many Souldiers will.the corne laid 
vp ſuitice for 364 dayes, or 13 moneths. 


Example ]III. There is 8 Tower whoſe height I would © 


meaſure with a Quadrant. 

I take two Stations in the fame right line from the 
Tower :and-at either Station having obſervedthe height 
throughthe ſights, I finde thatthe perpendicular cutteth 
inthe nearer _ 28 degrees 7 minutes almoſt : and 
in the further Station 21 degr. 58min. almoſt : and be« 
tweene both the Statzons, the diſtance was 76 feet. 

The Rule of meaſuring heights by rwo Stations i is Cons 
rained in theſe Theoremes: 


Theor, As thedifference of the Tar, ents ofthe. 
arches. cut in cither ſtation, is to the 5 tanc 
rweene 


e be- 


ry wer” ALA. 


A WIE - 5; 


ParT 1. 


COPE EPI 


Examples of Proportion. 


tweene the ſtations , ſo is the Tangent of theleſſer 


arch ,, to the nearer diſtance from the Tower. 


Againe 


Theor, As the Radius is to the Tangent of the 


greater arch ,; fo is the nearer dittance found, to 


the height. 


And therefore becauſe by the x Chap. 6 SeR. the Tan- 
gents of the arches 289.7 —,and 21%58—are 5 342zand 


4032 whoſe difference is 1310 ; the proportions will be 


Firſt, 1310 « 76 : : 


tang. 219, 58'— . 234 * 


W herefore 234 feetis the nearer diſtance.s 


Second Radius . tang 2389, 7 — 


3 234 « 125 « 


W herefore 1 25 feet is the height ſought for. 


Example V. To finde the Declination of the Sunne the 


g® Jay of May. 

The place of the Sunne 
for evcry day, may be had 
nere inough out of this 
Table, by Adding vnto 
the place of the Sun inthe 
beginning of that monerh 
ſo many degrees, as there 
are dayes patt 1n that mo- 
neth: But it che number of 
degrees exceed 3o,rthecx- 


es to be accounted in - 


the Signe next following. 

W hcrefore the 9th of 
May the place of the Sun 
is5 20+9, thatis © 29; 
whichis 59 degr. diftant 
from the next £quino- 
Riall point, 


The place of the 
Summe, 11 the bepin- 
ning of every Monerh, 

Ianuary Vw 21 

February 83 22 

Macch 


20 i 


Apr il 


; May 


lune 


luly 


+ Au . 
Seppemb, 


S209 {HAS 


Oqober £2 
Novemb. m 
Decemb* I 


C2 


—x_ 


f 4 


——” 


Exam ples of Proportion. Part rn. 


— 


Theſe things being knowne , the Rule is delivered in 
this Theoreme. 

Theor, As the Radius is 10 the fine of the ſunnes 
diſtance from the next Aquinoctiall point , ſo is 
the ſine of the ſunnes greateſt dcclinaiion , to the 
ſine of the declination ſought for. 


The proportion will be 
Radius , fine $90 :: ſine 239, 30' fine 199,59. 
And ſo much is the Declination ſought for. 


Example VT. To finde the Right aſcenſion of the Sunne, 
the 9® day of May. 

Secke the place of the Sunne for the day propoſed in 
the former Table ; and the Sunnes diſtance from the next 
AquinoRial point, as in the former example. 

Theſethings being knowne, the Rule is by one of theſe 
two Theoremes. 

Theor, As the Radius, is to the fine of thecom- 
plement ofthe ſunnes greateſt declination, ſo is 
the tangent of the ſunnes diſtance from the next 
AquinoGtiall point, to the tangent of the diſtance 
ofthe right aſcenſton ofthe ſunne , from the ſame 

AquinoRialpoint. Or - 
Theor, Asthetangent of the greateſt declinati- 
on of the Sunne, isto the Radius; ſois therangent 
of the declination of the ſunne for the time propo- 
{ed,vnto the ſine of the right aſcenſion ofthe ſunne 
from the next AquinoQtial poinr. 


The proportions will be either | 
Radius-. fine 66*, 30 -: : tang. 59® « tang. 56*;46' « 


Or,ang.23%,30' . Radius :: tang.19% 59'.. fine 562,46". 
| CHAP. 
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ParT 1. Of contimall Proportion. 
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CHnaP?, III, 


of Continuall proportion, 9r of 210. 
orcſiion Geometricall, 


MAURA H E Ratio of a Progreſſiom ts the quotient 
WB of the conſequent terme droiaed by bu ante« 
SE cedent. And therefore in the Inſtrument 
N LAT it is the diſtance raken betweene the termes 
Po Bo 3n the fourth circle, by tbe opening of the 

Index. 

2 To Doxble, Triple, or Multiply how often ſoever 
any Ratio given, isnothing elſe but /o often zo put togerber 
the [aid fpace or diſtance betweene the termes , as is ſhewed in 
Chap 1.5eR.7. 

As for example, if the Ratio 60, to 65 be propoſed to 
be ſeprapled. 

Ser the Armes of the Index at 60, and 65 : and then 
withthe ſame opening,bring the Antccedentarme which 
was at 60, vnto 1, and the conſequent arme will cut 
1193? +jnthe fourth circle, and 03476 +in the fift cir- 
cie :- this latter number being multiplied by + maketh 
24333 ; vnto which number in the fift circle applying 
the Index, 1t will in the fourthcircle cat 117*'2, whichis 
the multiplied number ſought for. 

But becauſe in a little Inftrament , the arch cut inthe 
fift circle, cannot be eftimated ex1Rly : anda ſmall error 
intbe beginning often repeated , by multiplying 1s made 
great : it isthe moſt ſafe way, to take the Logarithmes of 
thetermes of the Ra:5o out of the Canon, and to multiply 
them-by the number given: As I have done in theſe 
examples. 


% 
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Logarithmes taken out of the Caxon, 


x00 2 . £020000 
Ic4 2 . 0170333 
105 2. 0211893 


106 | 2 . 0253059 
I 06; 2 . 0280287 

I 07 2 » 0293838 
107; 3 . 0314 85— 
108 2 . 0334:38— 
108; 2 - 0347621T 
108; ! 2 . 0354397% 
x08: 2 . 03642939 
109 2 « 0374265 
IJIO 2 © 0313937 


Or if the Canon be wanting ; you may come neerer the 
marke, if that firſt (ſingle opening of the Index beir.g 
kept,znd the Antecedent arme ſet at I ; you tiansterre the 
Antccedent Arme, untothat place whichthe conſequent 
arme doth cutt ; andthe conſequent arme will cut the 
ſame ſpace dwplicared, Then holding the conſe quent 
arme in that ſame place, open the Antecedint arme unto 
I , andafterward with that d»phicated opening, bring the 
Antecedent arme to the dwphicated pace, and the conſe» 
qnentarme will cut the face guadrapted, Thirdly, bring 
the Anriccdent arme unto the guedrrpied pace and the 
conf. quent arme, keeping that awpiicared opening,will cut 
the (pace /extwpled. Laſtiy, having againe 1aken a ſmgle 
opening,bring the Antec: dent arme uncothe number, or 
ſpace ſextuple : and the conſequent armc will ſhew the 
Rats fought for ſeptnpled. 
And this manner of working may bee obſerved for as 
many Multiplications as you pleaſe of any Razio given. 


3 The 
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PART 1. or of Progreſſion Geometricall, 
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3. The Ratio, and firft terme being given, 
to continue the ſame unio any number 
of termes, 


Open the Armes of the Index, the oneunto the Ante- 
cedent of the ratio given, and the other unto the con- 
ſequent : then the ſame opening being kept, bring the 
Antccedent Arme vnto the firit terme given, and the 
conſequent arme will ſhewe the ſecond terme : againe 
bring the Antecedent arme vnto the ſecond terme found, 
and the conſequent arme will ſhew the third. After that 
bring the Anrecedent arme unto the third terme found, 
and the conſequent arme wil ſhew the fourth. And in this 
manner you may proceed as farre as yuu pleaſe. 


As for example, If a Progreſſion in the ratio 2 unto 
5, beginmog at-8, Or if a Progreſsion in the ratio x00 un- 
to 108, beginning at 5, is tobe inſtituted ; the termes in 
either progreſsion will be as followeth. 


Eo 4: © WM 
20 
50 
125 
31 315 
78185 
T95 3127, 


v3 Quachto Þ 


100 « J0833 5 «» 5H 


St. 

$3232 

6129856 

613924448 
1346640384 

153437 161472 
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Of continuall Proportion. PART py 


4 Theor: The ratio of any former rerme, m a 


' row of continuall proportionals, vnto any of the 


termes following, 1s zquall to the ratio of the firſt 
terme untothe ſecond, multiplied into it ſelfe ac- 
cording to the diſtance of that latter terme from 


the former. 


As for cximple, The Ratso 514 unto 62924448 which 
is the third terme from it,1s zquall to the rat of x00 vn, 
co 108 triplicated, Or as the Cube of 100 unto the Cube 
of 108. MWhercfore 


5 The Ratio, and the firit terme of the 
Progreſaon being given, to finde 
Out 4-7 other termerequired, 


_ Firſt, multiply the ratio given into it ſelfe, accor- 
ding to the diſtance of the terme ſought from the firſt 
terme, by the 2 {cR : then ſay 


ef 1 i to that wneltuple ſound ; ſo & the faſt terme, to 
the terme ſought for, 


Example, W hat will be the amount of 26%,in 7 yearcs 
by Intereſt upon Intereſt, after the rate of 20 peticc inthe 
pound ? 


Becauſe 1 pound which is 26 ſhillings containeth 60 
groates, and 20 pence contcine 5 groates, the rate of the 
Intereſs will bee:60.unto 65; Or 4 0Q unto 108133 * ; But 
the firſt terme is given 26G, unto which there arc to be ac- 
quired 7 other termes in continuall proportions 

Firſt, by the 4 Chap : and 2 Se. Let the ratio given 
be ſeptuplicated, that is multiplied ſey< ntold into it ſelfc, 
which will be g 17572. Then ſet the conſequent arme of 
the Index vato the ſeptmplicate number 17512,and open 


the Anzecedent arme vnto 1 ; and keeping the ſame ope- 
ning 


Part. or of Progreſsion Geometrical. | 


ning, bring the Antecedent arme unto 263 and the con» 
ſequent arme will hew 451:3125che amount ſought tor. 


'6 The Ratto, and ay other terme of the 
Progrefion being givea , to finde 
the firſt rerme, 


Firſt multiply the Ratio given into it ſelfe according 
to the difference of the terme given from the ficlt terme. 

Then ſay 

As that multuple #4 unto 1; ſo is the terme given, nnts 

the firſt for Be, | 

Example, what ſumme in 7 yearcs did amouut unto 
451321: by Intereſt upon Intereſt aftcr the rate of 100 
— being ( by the 4 Chap. 2. 

Firſt the ratio bein plicat, by the 4 -2 Se. 
will be 117572 . Then neue Ge ofthe 
Index to thatſeptuple 17512, open the conſequent arme 
unto I-: and keeping the lame openitſg, bring the Arme 
unto 451532:% : and the conſequent arme will ſhew 26, 
which was the ſtocke, or ſumme of money , from which 
that amount did ariſc. 


7 The Ratio, the Firſt terme, and «ny 
other terme 'of 4 Progreſſion vejag 
given, to finde how many places the 
terme given is from the firſt terme. 


Firſ/aq, Artheforſt terms is wnts 1; ſora the other terms 
. given, wnto the ratio multiplied into it ſelfe according to the 
diſtance of that torme from the fir fb, 

W herefore according to 1 Chap..7 Se. and 3 Chap. 

2 Sch. by helpe of the FA circle; ſee how often the ratio 
given, is contained in that multuple found- 

. Example, Ia how many yeares did 26%, by Interct 

By D ypoa 
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———— 


upon Intereſt after the rate of 100 unto 20833 + increaſe 
unto 45153 138d | 

Firſt 1cc the Antecedent arme of the Index at 26, and 
the conſequent. arme at 1: and keeping the ſame ope- 
ning bring the Antecedent arme vato 4513!2,. and the 
conſequent arme will ſhew 1/5!2 : to which in the fift 
Circle anſwereth 24333- Then b.cauſe unto. the conſc- 
quent terine of the ratio 10833 +there agrees in the ftift 
circle 03476, divide 24333 vy 03476, andthe quotient 
will be 7, the number of yeares ſought for. 


8 The Fir# rerme, and any other terme- © 
of the Progrejiion being given to 
finde the ratio of the Progreſiion. 


Firſt ſay, As the firft rerme 5 mnto 1 : ſo id the other termy 
wuen;, unto the ratio multiplied into it ſelfe accordeug to the 
Elance of that terme from the faſt, | 
 Whereforeaccordingto Chap. r. SeR. 7; by helpe of 
the fift circle, Letthe-multuple found be dyvided by the 
diſtance'of the terme from the firſt. 2 

Example , 26% by Intereſt upon Intereft- in 7 years 
amounted unto 4515322: what was the ratisof the Imcreſt 
compared unto 1 00 ? 

Firſt ferthe-Antecedentarme of the Index at 26, and 
the conſequent-arme-at'T :. and then keeping the !ame 
opening, brivg the Antecedent; arme unto-45 #372 : and 
the conſequent arme will ſhew 1,512 : unto which in the 
fift circle anſwercth 24333: and this number being diyj- 
ded by. 7:will Cine 03476 +: unto.which agreeth inthe 
fourth circle 10883 +che conſequent terme of the. Ini-- 


relt tought for. 5 COLE Pe I I OR 
 ' 9 Two numbers being given to finde-as 
£ many Midle proportional: betweene 
themas youwill, = 


Divide. 


Parr I. Or of Provreſsion Geometricall 


the |cfler in the fourth circie iuſtly taken, according to 
Chap. r. Se&t.7, by helpe of the fiftcircle into:<quall ſeg- 
ments, one more thenare the number of Midic propor- 
tionals ſought for. All theſe ſegments added ordcrly to 
the firſt terme,, doe diſtinguiſh the termes of the Pro- 
greſfion which you tecke. 

Example, Letthere be foure 2Hiale proportionals, fought 
out berweene 8 and 19199656, 

Apply the Index unco 8 inthe fourthcircle, and it will 


. cut in the firſtcircle 9039:allo fer the Index unto 19,91— 
- inthe fourth circle, ana i will curin the fitt circle 2989 ; 
' which number becauſe ir reaches 'beyond the Vuite line, 


is indeede 1 299g, according to Chap.1. Se: 7, and ſo is 
the diſtance juſtly taken. Vhen ſubduting 9039 from 
I2989,there will remaine 3950: which divided by 4+ 1, 
the quotien* will give 790 . wherfore go z9 +790, icil. 
9829 1arhe fift circle corh agree with 915 in the foarth 
circke, which is the firff mdle froportionall. And 9539 + 
twiſe 799, ſcil. 10619 in the titc circle doth agree with 
I 115: 1n che fourth circle , which is the ſecond mudle pro- 
porueonall, And in this manner 1 3:5:4, and 1645838 will be 
tound the :hwd and fourth mide proportionals, © 


10 Theor, It from the Ratio given, being multi- 
plied init ſelfe according to the number of cermes, 
youſubdut r, and multiply the remainder, by the 
antecedent of the ratio. Tt will be 

As the difference of che termes of the ratio, is 
unto the produdt ; ſois the firſt terme, tothe ſum 
of che Progreſsion. jy 


As for example if the Ratio of the Progreſſion beR to 
S: and the deference of R raken out of $ be D-and the fo 
terme of the Progreſſion © :-and the whole /#mme of the 
eermes Z it ſhall be, 


D 3 D » Tat» 


| Divide the diſtance of the greater number given from 


Pe EE Ae ED = 
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D:, rat. mul*®*— x in R $26 , Z » 


Which is the very Theoreme it (clfe expreſſed in Syw- 
boles of words : that it m3y more caſily be fixed in the _. 


tafie. Which proportion alſo wee mult conſider, doth 


hold both «ftern/y,and conwerſly. 

This Theoreme may otherwayes be expreſſed, by the 
equality. whichthe product of the two midle termes hath 
to the produR of the two extreames, thas 


R:tio malciplicata —rinRin*®=ZinD. 

This manner of ſetting downe Theoremes , whether 
they be Proportions, or Equations,by Symbolcs or notes 
of words ,' 1s moſt excellent, artificiall, and dodrinall. 
Whercfore I carneſtly exhort cvery one , that defireth 
though batto looke into theſe noble Sciences Mathema- 
ticall, to accuſtome them(clues unto it :. and indecde it 1s 
cafie, being:moſt agreeabletoreaſon , yea even to ſence. 
And out of this mages. eng many ſingular conſeQaries 
be drawne : which without this would , it may be, for 
ever lye hidasinthis preſent proportion : becauſe itis 

D . rat. mul®—rine :: « , Z . wherefore- 
Rat. mul®* —rtinR.D::Z.e« . And 
> »o Z . » D . rat. mul® — rinR 


. Theſe are exceeding eaſic : bur this fcllowing is more 
difficult, and requireth attention. = 


| Inttheformer equarion it was 
' Rat, mul®—rinRina=ZinD 
Now becauſe Rat. mvl® —1 in Rin «, 
- andRat, mul®—inRin«®—Rin*, 
ind Rat, mul*inR-- Rin, 


<9 It IR AID. 
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_ an] Rat. mal'**in «—<in R, 


are cquall onetoanother, and alſo toZ inD, theſe xquz- 
tions thall alſo be c nf. Rarious. 


en =>, P—E— ___—— — 


and Zin D= rat.mul®inR—R., 254 | | 
[4 


and Zin D —=rat.mui®in <—<. , +1 | 
a | | 


and"ZinD'4Rina= rat, my" 
Ring 


And beſides theſe many more-. The. praiſe whereof 
T leave to the induſtry of the ſtudions Reader , eſpecially | 
having delivered the whole Art of ſuch operations in my 


Cleavis Mathematica. | 
- Some of theſe I haye occaſion to uſe-in the ſeRions 
following. . | 
11 Therefore the Ratio of a Progreſ- 
ſion, «1d the firſt terme, and the ] 
number of termes being given, 
70 finde the ſurame of the whole 
progreſſion, T: 


For this operation the rule., or Theoreme laſt before 
ſerveth : for by jt ws Y 
' Rat. mu'ta — 1 inRina—2Z, , b 
O LR 
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Of continuall Proportion, Parr L. 


Example, It an Anmity ot 5%, be detained 7 yeares, 
w hat will be the 470»: chereot by intereſt upon intereſt 
atter the rate of x00 unto 108 ? * 

Now becauſe the efronrt 55 the ſumme of the Propreſ- 
fien, Whereof the firſt termes; the annnit1e, Multiply the ra- 
tio into it ſelfe according to the number of yeares, by 
Chap. 4.SeR.2, and it will be 117 :3f2 ; from which it you 
ſubduct an vnite, there remaincs 0171582 , which multi- 
plicd by 1co maketh 71132; then ter che Armes of the 
Index at 1 and 71132 ; and bring the Antecedent arme 
which ſtood at 1,-urtiro5the firſtterme: and the conſe- 
quent arme will cut 356,975 (that is Rat. mu®— xr inR 
1n«) and laſtly this number being divided by 108 —1co, 
(cil. by $8, the quotient will-give 44549, for the ſumme of 

the Whole progreſſion : and(o much 15 the awornt ſought for. 


r2. The Ratio,the'Number of Termes, 
and the Swmme of « Progrefion be- 
ing given, to find the firſt rerme, 
 - By the converſo of the foregoing Theoreme, it is ma. 
nifeſt, that F459 
Rat:mul®—x-»R .D :: Z.=%. 
The deUarationih words was inthe 10 Sc. 


Example. 'If an eAwnutrie detained 7 yeares by Inte- 
reſt upon Intereft, after the Yare'of 10-unto 108, did 
increaſe unto 4415495, how mach was that Annuitic ? 


- Multiply che &at#e-into it (elfe according to the num- 
ber of yeares ( por cap. 4. /#f7;3.) ad the prodaR will be 
117::82 : from which if you tubduct ati Yhite, there re« 
maincs 07!382 : thisbelng multipled by*rxoo doth make 
711 32, LIhenſay . 
AtwyS1182 '» 8-3 44440. 5 » 
for 
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Parr. Or of Progreſsion Geometricall. 


foc che Fuſt cerme : which was the Annute 102ght 
for. : 


13 The Ratio, the Firf terme, and the 
Summe of the Prozreſton being gi- 
ven, to find the Number of termes, 


By the Theoreme in the 10. SeR. it was 
& , Z " D » Tat. mui®—T'inR. 


W herefore ſer the Antecedentarme of the Index unto 
the Antecedent terme of the ratio, and the conſequent 
arme untothe Summe of the Progreſſion :' and with that 
ſame opening, bring the Antecedent arme unto the diffe- 
rence of the termes of the ratio ; and the conſequent arme 
wil ſhew a number(that is Rat.mul. — 1 in R;) which if 
you divide by the Antecedent terme of the ratio,and unto 
the quoticntadde an'Vnite, you ſhall have the ratio naul- 
tiplicd into it ſelfe according to the number of termes. 
Therefore taking the diſtance betweene the termes of the 
ratio, with the armes of the Index , meaſure by helpe of 
the fift circle (per Cap-4. SefI,7. ) how often that diſtance 
may be found inthe mulciplied ratio: for ſo many are the 
termes of the progreſſion. O20 2 


Example. If an Ammitie of gi detained by Intereſt up- 
on intereſt after the rate of 100to 108, increaſed unto 
44151408, How'many yeafes was the Annwrie demained ? 

Set the Antecedent arme of the Index at 5,2nd the con- 
ſequent arme at 4415140,mnd_with che ſame opening bring 
the Antecedent arunc unto 8, and the conſequent arme 
will ſhew 71s (chat is Rat. mu® — 1 in R:) this 
number being diviocd by. Ioo,will be 07 1_2-; and if unto 
the quotient you aJdde 1, you (hall hayc 1.71_82 (the ra- 
tio multiplied into it-ſelfe according to the number of 
yearcs : ),unto which in the tift circie anſwereth 23 4 8: 

at: 


= ogy et 


_ | 0 f contingall Propor t wn, P A aT l. 


but unto ro8in the'fift circle-there antwererh'o 334+ di- 
vide therefore 2338 by 0334; and the quotient wall be 7, 
for the number of yeares fought for. 


Or ſach-queſtions:may be more eaſily performed by 
this Theoreme , which the induſtrious Reader may by 
bizaſclfe practiſe. 


Zin D+Rine= rat, mu{t* 
a" Lag Kiasz 


14 Theor, If the ſumme of the whole progreſſi- 
on be-divided-by' the ratio multiplied into it felfe 
according tothe number of termes, the quotient 
will be the firſt terme ; and that ſumme given will 
be the laſt rerme,, of another progreflion , haying 
the ſame ratio but one terme more, 9 


15 And becauſe a ſurnme of mony the amoune where- 
of in any number of ycarcs given, by Intereſt upon inte- 
reſt, -doth equall an Annuicie fo long detained, is <quiva- 
lent to the ſame Annuitie ; and the amountof an Annuitie 
is the ſumme of a Progreſſion continucd from that Annuj- 
tic. If therefore an Annuitie for any number of yeares be 
divided by the ratio multiplicd .into it ſelfe according to 
the number of yeares ; the quotient will be the juſt price 
of an Annuitie to endure for ſo long. And becaute by the 
10 and 11 Sed. it hath beene ſhewed that | 

| Rat. mu'ts — rinRine =totheamount, 
_——— 4 


WT. 


. Therefore by-the 14a, Rer.mul 6.5 nR in 


Rat. muita in D 
will be equallto the price of -an Annuiticin teady money, 
whigh ſhall be the Rale for the operation following. / 

W here- 


SW 


ParT 1. Or of Provreſsicn Geometricall. 


— 


 Whereforeallo 
Rat.mul® — IinRine=Rat.mu.®inD in Pret, 


which proportionis thus enuntiated in words, 


T heor, If from the Ratio multiplied into it ſelfe 
according to the Number of yeares you ſubdu@ an 
Vnite, and the remainder be multiplied continu- 
ally by the Antecedent of the Ratio, and the An- 
nuitie itſclfe : 4nd againe, If the Racio multiplied 


- into it ſelfe, according to the number of yeares be 


multiplied continually by the difference of the 
termes of the Ratio, and by the Price: both thoſe 
produds will be equall. 


Example. An Annuitie of 5®, toendure for 7 yeares, 
is to be ſold: what 1s It worthin ready money, after the 
Rate of 100unto Ios8 ? | 

The Ratio multiplied into it ſelfe according to the 
number of yearcs (per (ap. 4.Sef.2) is 1,738: lubdudt x, 
and there will remaine 07382 : which multiplied by 100 
maketh 7 1,382_. Then tct the Antecedent arme of the 
Indexat I, and the conſequent arme 71882 : and keep- 
ing that ſame opening,bring the Ant:ccdentarmeunto 5; 
and the conſequent arme will ſhew 356 95 ; keepethis 
(forit igrat mul —tinRin@), After that tet the Ante= 


D 
cedent arme of the Index at x, and the conſequent arme 
unto the multuple ratio 117138 ; and with the ſame open- 
ing bring the Antecedent arme unto 8; and the confe= 

uent arme will cut 13,7725 , keepethis number allo (for 
it is Rat.mul.in 1) ). Laſtly,place the Antecedent arme of 
the In{cxat 13,'9*5 , and the conſ queat armeat I; and 
with the ſame opcaing bring the Antecedent arme vnto 
356,215: andthe conſcquent arme wili ſhew 26,22li. 
E which 
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Of continuall Proportion, Part I, 


hich is the iuſt Price of an Annuitic of 5% in readic 
Money. 
16 And by the laſt przcedent Theoreme or Rule, alſo 


Rat mul. inD in Pret = @ , 
Rat.mul.—1ia K 


which Theoreme may bee enuntiated in words as was 
there ſhewed. 


Example. An Annuitie for 7 yeares is bonght for 
26,932li. after the rate of 100 unto 108, by Intereſt upon 
intereſt : how much was that Annuitic ? 


The Ratio multiplied into it ſelfe for the number of 7 
yeares (per Cap: 4, SeA. 2)is 19738: which multiplied 
continually by 8, and by the price , doth make 3 56,975. 
Divide this number found, by 711382, (which is the mwu/- 
enple ratio) it (elfe lefle by an Vnite,and multiplied by 100; 
and the quotient will be 5 , the Annuitie ſought for. 


17 Alſo by Rationation from that precedent rule will 
follow this propoſition 


at, Rine _= Rat-mul*, 
KR in & — Pret, ia D 


which is thus enuntiated in words, 


Theor, It the produRt of the Antecedent of the 
ratio multiplicd by the Annuitie be divided by it 
ſelfe, being diminiſhed by the product of the dif- 
ference of thetermes.of the ratio multiplied by the 
Price : the quotient will bee equall to the ratio 
multiplied into it ſelfe according to the number of 
yeares. As 

If the ratio be 100 unto 108; the Annuitic 5i : and 


the price thereof 264032li- Set the Antecedent arme of 
the 


ParT I. Or of Propreſsion Geometricall, 
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the Index at I , and the confequeat arme at 8 , the diffe= 
retice of the termes of the ratio : and with the ſame ope- 
ning bring the Antece-lent arme unto 2612!2 —; and the 
coniequent arme will ſhew 208256 : which ſubduced 
from 500, there will remaine 291,744, for the diviſor, 
Sertherctore the Anrecedent arme ot the Index at the 
diviſor 291,744, and the conſequent arme at I : and with 
the fame opening , bring the Antecedent arme unto the 
dividend 500: and the conſequent arme will ſhew 117138, 
which is the rat:o multiplied into it ſelfe according tv the 
number of yeares. And by this number fo found it will 
be caſic (by helpe of the fift circle) the rat5o of the Intc- 
reſt being given, to finde the continuance of the Annuitie. 


Exampl,An Annuitie of 5, was bought for 269::li—, 
after the rate of 200 unto Iog : how many yearcs 1$ it to 
laſt ? 


Firſt ſceke out the ratio multiplied into it ſelfe accords 
ing to the number of ycares,which will be 17728, accord- 


ing as Was even now ſhewed in this SeR. to this inthe - 


fittcircle there an{wereth 2338 : bur unto 108 there an« 
ſwerethin the fift circle 0334- Divide therefore 2338 
by 0334; and the quotient will be 7 for the number of 
yeares fought for, 


———_ 
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of Ouadrating and Cubing, Parr I 
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CHaP, V. 


of the Quadrating ,. 8nd Cubing of Numbers, 
Sides or Rootes: and of the Extraction of 
the Quadrate, aud Cubic fide, or roote, our 
of Numbers, or Powers g:ven. 


FED F a number, fide, or roote be multiplied into 
8)  ſelfe , the produtt will bea D naarat.And 

IIS 5/ 4 quadrate bee multiplicd into his ewne 

ſide, or roote, the prodntt will be a Cube. 


' Wherefore En 3H. Y . 
— — >: -.:C:, 


2 Iftherefore a number be given to be Qua'rated 

Set the eAntecedent arme of the Index at 1, and the conſe- 
quent arme at the number given : then With the ſame opening 
bring the «Antecedent arme to the number given ; and the con- 


ſequent arme will ſhew the Onadrat thereof, 


And the. number of figures in a Quacrat of a ſingle 
root (or which doth not exceede 9) is caſily found out by 
thoſe Rules, that have beene before delivered concernin 
Maltiplication. But if a fide or root conſiſt of more fi- 
gures then one ; for each figure after the firſt it acquireth 
two more places of figures. And ifany of the figures of 
the root given be decimal parts, cat off from the Quadrar 
found, twice ſo many of the laſt figures for decimals, 


Example I. The Quadrat of the ſide 7 is required, Say 
I 66. Wh . 49 
Set therefore the Antecedent arme of the Index at 1, 


and the. conſequent arme at 7; .and with that opening 
bring 
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PART 3 of Numbers,ec. 


bring the Antecedent arme unto 7 and the conſequent 
arme will ſhew 49 which is the Q-nadrat ſought for. 


Example 11, The Quadrat ofthe ſide 57 is required. 


Set the Antecedent arme of the Index at 1; and the 
conſequent arme at 57: then wich that fame opening 
bring the antecedent arme unto 57; and the conſequent 
arme will ſhew 3249 , which is the Quadrat ſought tor, 
conſiſting of foure places. ; 


Example III. The Quadrat of the fide, or root 570 is 
required. 

Having found as before, 3 249 for the quadrat of the 
fide 57 2 put thereunto two circles : and it will bee 
3 24902, the quadrar ſought for. | 


Example I 111, The quadrat of the fide 574 is re« 
quired. | 

Set the Antecedent arme of the Index at 1 , and the cor.. 
| ſequent arme at 5743 and with the fame opening bring 
the Antecedent arme unto 574; and the conſequent arme 
will ſhew 329476 , the quadrat ſought for conlifting of 
ſixe figures : but che two laſt figures cannot at all be dif- 
cerned by the Inſtrument. 


3. Ifa number be given to be Cbed. 


Set the Antecedent arme of the fndexat 1 , and the conſe- 
quent arme at the namber given ; and with that ſame opening, 
bring the eAntecedent arme unto the number given ; and \ 
conſequent arme Wall ſhew the Vadrat ; then bring the eAn= 
tecedent arme unto the 2 uadrat , and the conſequent arme 
With that ſam: opening Will ſhew the Cube of that ſide given. 


The number figures in a Cb? of a ſingle fide, or root 
which doth not exceede g, is caſily found by that which 


hath beene before delivered concerning Mu't:plication : 
E 3 But 
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Of Cubring of Nunbers, Parr L 


But it the ſide , or root conſiſt of more figures then one ; 
for each figure after the firſt it obtaineth three more pla» 
ces of figures. And if any of the figures of the root given 
be decimal parts, cut off from the Cabe found thrice to ma- 
ny of the laſt figures for decimal parts. 


Examp!*, The Cube of the (ide, or root 7 is required, 
Say , I . EOS F< ON 
againe = » 7 :: 49 » 343 » 


Set therefore the Antecedent arme of the Index at x, 
and the conſequent arme at 7 ; and with that opening 
bring the Antecedent arme unto 7 , and the conſequent 
arme will ſhew 49 the quadrat thereof : Then ſer the 
Antecedent arme at 49 ; and the conſequent arme (with 
that firſt opening) will ſhew 343, which is the deſired 
Cube of the fide propoſed. 


Another example, The Cube of the fide, or root 57 is 
required. 


Set the Antecedent arme of the Index at 1 , and the 
conſequent arme at 57; and with that ſame opening bring 
the Antecedent armc unto 57 ; and the conſequent arme 
will ſhew the quadrat 3249. Then ſet the Antecedent 
arme at 3249 ; andthe conſequent arme keeping the for- 
mer opening will ſhew 185193 , which is the required 
Cube of that (ide propoſed, conſiſting of fix places : but 
the two laſt figures cannot be known by the Inſtrument. 


Example I I 7. The Cube of the ſide 570 18 required. 


Hauing found as before the Cube of the fide , or root 
57to be 185193 : putthereuntothree circles ; and it will 
be 185 1930c0 the Cube ſought for. 


Examples of greater Cubes, it will be needlefle to ſet 


dow NCs . 
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Part [. Of the extraftion of Square roots. 


». 4 The Extrattion of the Square, or Quadrat root,or ſide, 
is done by heipe of the fift circle, after this manner. 


Set the Index at the 2 uadrat propoſed ; and of that num. 
ber which it cuts in the fift circle, take hatfe: then ſet the In. 
dex at that halfe ; and it Will ſvew in the fourth circle, the ſige, - 
oy root ſought for, | 


But you mult know that if the number which is the 
Quadrat propoſed, have onely two places of Integers,the 
fide,or root confilteth of one figure. But if it have more 
placcs of Integers, dividing them by 2, the quotient will 
give the true number of fgures inthe root, if it meaſure 
it exaftly ; or onelefſe then the true number if any thing 


remaine. 


Example 1, The fide, or root of the Quadrat 49 isre- 
quired. 


Set the Index at 49 in the fourthcircle, and it will cut 
inthe fift circle 6902 ; indeede 1. 6902 having the grad 
all number 1 przfixed, becauſe 1 in the fourth circle ſig- 
nifieth 10, one crc##t4onthereof being finiſhed : the halfe 
whereofiso. 8451. Then ſet the Index at o. 8451, in 
the fift circle ; and it will cur in the fourth circle 7, the 
ſide, or root ſought for. 


Example 1 1. The ſide, or root of the quadrat 3249 is 
required. 


Set the Index at 3249 in the fourth circle, and it will 
cut in the fift circle 5118; indeede 3.5118 prefixing the 
gradual number 3, becauſe 1 inthe fourth circle fignitieth 
1000, three circui:5ons thereof being finiſhed : the halfe 
whereof is 1+7559- Then ſet the Index at 75 59, omit- 
ting the,prefixed gradualinumber x ; and it will ſhew in 
the fourth circle 5 7 the (ide ſoughtfor, conliſting of two 


figures, becauſe I in the fourth circle ſignifieth 10. 
Example 


graauall number 2 , becaulc 1 in the fourthcircle dot 


Example 11T, The fide of the quairat 329476 is re- 
quired. 


Setthe Index at 329476 inthe fourth circle,and it will 
cut in the fiftcircle 51978; indeede 5.5178 prehixing the 
gradual number 5, becauſe 1 in the fourth circle lignitieth 
100000,five circuitions thereof being palt over ; the halfe 
whereof is 2.7589; Then ſet rhe Index at 7589, omit- 
ting the graduall number 2 prefixed thereto; and it will 
ſhew in the fourthcircle 574 the ſide, or root ſought for, 
conſiſting of three figures, becauſe I in the fourth circle 
doth ſignifie 100, 


'5 The Extrattion of the (bic.roote , or fide is done by 
helpe of the fift circle after this manner. 


Set the Index at the (abe propoſed; and that number Which 
it cuts in the fift circle divide by 3. T hen ſet the Index at 
that third part, and it will ſaw #n the fourth circle the ſide, or 
roote ſought for. 


And you muſt know that if the Cube propoſed have 
onely three places of Integers, the ſide, or roote thereof 
conſiſteth of one figure : Bur if it have more places of In- 
tegers, divide them by 3, the quotient will give the true 
number of the figures of the Root , if it meaſure it exact» 
ly; or one lefle then the true number if any thing re- 
maine. 


Example I, The (ide, or roote of the Cube 343 is re= 
quired. | 


Set the Index at 343 in the fourth circle, and ir will 
cut in the fift circle 5353 ; indeede 2.5353 Pony - 
0 

nifie 100,4two circuitionstherof being paſt over:the third 
part whereof is 8451. Then ſet the Index at 8451 , and 
ir will ſhew in the fourth circle 7, the fide ſought 


for. 
Example 
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ParT'l. Of extraftion of the Cubic Roote. = 2 


Example TI. The ſide, orrooteof the Cube 185193is © 
required. TE, 
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c Set the Index at 185193 in the fourth cirele; and ic 

, | will cut in the fift circle 2677 ; indeede 5.2677 prefixing 

> | the gradual member 5 , becaule x in thetourth circledoth l 
; ſignttic 100000, five circxitsox: thereof being paſt over : 

( the third part whereof is 1.7599» Then {et the Index ar 


| 75 99,o0mitting the prefixed gradual! nwmber x ; and in the 
| fourth circle it will ſhew 57; theſide, or root ſought for, 
| conſiſting of two figures , becauſe 1 in the fourth circle 


| ' doth ſignihie 10. + 

! ' Examples of greater Cubes it will be needlefie to'fer 
| done. 
| X 
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Crua?.VI. 


of Duplicated, and Triplicated pro- 
__ portion. 
And firit of Duplicated proportion, 


T heoreme, 
9s Ihe Plaines are in a Duplicated ratio, that 
Sa 15, 4s the Qnadrats of their homologal 
[EASY des. And therefore queſtions in the 
| which the fdes of like planes are compa- 
red,doe appertaine vnto this place, 


And it is to be noted, that if three numbers be given,. 


in which As the quadrat of the firſt, 51 wnto the quaarat of the 
ſecond ; ſo ought the third to be wnto a number ſonght for. Let 
it be thus done, As the firſt nwmber,ws tothe ſecend ; ſo is the 
third to afourth, And againe As the firſt number , ts to the 
ſecond ; ſo # the fourth naw found, to the number ſought for. 


Example I. There are two like reRangle Area,or plaines, 
the length of the greater , is 40 feete , the length of the 
leſſer 24 feet : cach of them paved with paving tiles ; the 
greater hath 1200 tiles : how many ſhall thelcfler have ? 


The Ares, or plainer are one tothe other , as the qua- 
drats of the longitudesgiven. Andthe proportion is di- 
re, Say thcretore 


1600 (Q: 40) + 576 (Q 24) :: 1200 . 432. 


which is the namber of tiles contained in the pavement 
of the leſſer Arex, or plaine. 


Example 11, How many Acres of woodland 'meaſur-d 
with a Perch, of 18 feete, .are there in 73 Acres ef cham- 
paneland, meaſured witha Pereh of 16; feete ? 


The 
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Parr l. "Ys Of Triplicate Proportion. 
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The mcalures given (18,16;)being reduced into their 
leſt termes, arc as 12 anto I1.: and the quadrats of theſe 
numbers, are, 144, and 121. And the Proportion is Re- 
ciprocall. Say therefore | 


144 (UN: 12) « 121 (Q; 12) :: 73 62 . 


and ſo many arethe Acres of Wood land. 


-Of Trip licated proportion. 


3 Theor, Liks Solids are in a Triplicated ratio, 
that s,As the Cubes of their homologal ſides, And 
therefore queſtions in which the ſides of like ſolids arc 
comparcd, ave appertaine unto uh place, 

If three numbers be given in the which, As the 
Cube of the firſt is to the Cube of the ſecond, fo 
is the third number to anumber ſought for. Lex it 
be thus done , Asthe firſt number is rothe ſecond ; 
ſo is the thixd to afourth: Againe, As the firſt is to 
the ſecond ; ſo is the fourth now.found unto a fift. 
And thirdly, As the firſt is to the ſecond ; ſo isthar 
fift to the number ſought tor. 


Example, If 4d, of gunpowder , ſuitice to charge 
a Gun, whereof the concave diameter is inch 1:. How 
many pounds of powder will ſuitice to charge a Gunne, 
whole concave diameter is 7 inches ? 


The capacities are one to another, as the Cabes of the 
diameters. And the proportion is dire. Say therefore 


3875 (C: 1) « 343 (C:7) :: 98. - 432 + 
wherefore 43:1, of Gunpowder, will bee needfull to 
be had. 


F 2 Anothee 


Of Triplicate Proportion. Parr [ 


Another example, 43:7. of Gunpowder are ſuffici- 
ent to.charge a Gun', whole diameter in the concave is 7 
inches: now there is another ſort of Gunpowder, much 
more ſtrong and forcible, that is in ſtrength unto the for. 
mer, a$5 vnto 2 : How much of this ſtronger powder, 
will ſuffice to charge a Gun of 4 inches diameter ? 


Here are two operations : the firſt ſeekes out , how 
much of that ſtronger powder ſufficeth to charge a Gun 
of 7 inches diameter : and the proportion is reciprocall, 
that is 


5 - 2 UQ©: 437. +, 15148 


»The ſecond operation is like that in the former cx- 
ample. 


343 (C: 7) 64 (C: 4) :r 15 ©. » 2188s 
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: of Circles. 


PART [; 


CHaP, VII. 
Concerning the Meaſuring of Circles, 


Cones, Cylinders, and Sphwres, 


2 Rchinedes in a peculiar Treatite found the 
> & proportion of the Diameter of acircle to 
RS the Circumference to bee a very (male 
©; deale greater thenof 7 unto 22: And of 

SDSS late Zudol/ph Van Center infiſting in the 
ſame ſteps of eArchimedes, hath more precifely found it 
to be of t vnto 3:141592653589793 but for our Inſtru- 
ment it will be ſufficient to tak: the ratioof 1'ynto 3141s, 
Or of 0432183 +unto1 : leaving the diligent-pracizer,.to 
more <xacncfle, if he pleaſe to uſe his Pen. 

And note that the Rules following are ſer downe in 
proportions, to be wrought as hath bcen taught in Chap. 
2, Se;3.. W herein | 

D, or Diam. fignificth the Diameter. 
Dq, or Q, Diam, the Quadrat of the Diameter, 
Dc, or C. Diam. the Cube of the Diameter. 
R, or Rad. the Radius, or Semidiameter, 
P, or Perif. the Periferie, or Circumferences 
Pq, the Quadrat of the Periterie.. 
' Long. the l:ngth« 
L the (ide, or latus 
Alt. thealtitude. 
», ſhewcth that the two magnitndes beriveene 
which iris ſet,areto be multiplied together. 


F 3 In 


of (ircles. 


In a Circle. 
2. The Diameter of a circle being given, 
to finde the Periferia, Say, 
7 +» 23, Or x . 3414's ;; Diam . Perif 


Example, A circle is given, the Diameter whereof is 
12, I would know thecircumference , or Periteria of it. 
Say, 

I . 3:46 :: 12. 37992 0 


3 ThePeriferia of 4 circle being ginen, 
to finde the Diameter, Say, 
22 , 7 Or K-46 02183 . 3 Perif . Diam - 


4 The Diameter of a circle being vinen, 
to finde the Area, Say, 


7 *4 +» 22, Or 1 . 0754 :: Q;: Dian. Area , 
Or els x . 31415 :: Q: Rad e Ara. 


Example. Acircle is giuen;the diameter whereof is 12 A 
I would know the content, or Arca of it. Say, 


I . 02%%4 :: 144 (Q:1232) . 11312976 , 
Ort ', 33416 ;: 36 (Q:6) . 1136976 


5 The Area of 4 circle being giuen, 10 finde 
the Diameter, Say, 


22 0 7*4,Orl. I17324 2% Area 5 Q: Diam - 


Example, A circle is given , the content whereof is 
I 132976, I would know the Diamcter of 1t. Say, 


Ss 8» 1127324 > © I 13,2976 . 144 » 
6 The 
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Pagrl. Of Cones. 
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6 The Periferia sf « circle being given, 
to finde the Arca, Say, | 


22%4 » 7, Or 1 . 0795775 ;: Q: Perif . Area. 
7 The Area of a Circle being given, to finde 
the Periferia. Say, 
7 - 232»4, Or 1 . 12456637 :; Area , Q:Perif . 


In a Cone. 


$ The fide of a right Cone, andthe Dia- 
meter of the baſe being ginen, #0 find 
the Superficies, Say, 


7 5 22, Or x . 3774'6 :2 2 DL , Superf. 


Example. A Cone is giucn, whereofthe ſide is 18, and 
the diameter of the baſe 12, I would know the ſuperficies 
of it. Say, 


x. 4 3:74!6 ;: no8 (3DsL).. g3p29vt. 


9 The Axis, or height of a right Cone, ; 


andthe Diameter of the baſe, being 
finen, to find the Soliditic, Say, 
744 + 32, Or 1 , eg%4 :: Dqin; Axis. Soliditie . 


Example. A Cone is giuen, whereof the Axis is18, 
and the Diameter of the baſe 12, I would know the So- 
lidity. Say, 


I . of854 :: 864. (Dqin$8xis) - 678,295 . 


1n 


Rar | 


Of Cylinders 'and Spheres. 


| In a Cylinder. | 
; pls” 9” + ; fat ' 
| | 19 7 heſideofa right Cylender and the | 
Diameter beg giver, to findethe Su 


perficies, ſay, | 
7 » 22; Or-I1 . 3.1416 20 Diam 2? * ax<m « Superfic. 
" #1 TheSide of a right Cilinder, and the 
Diameter benz given, iofinae the So- 
liditie, Say, 
7*4 « 22, Or x . 02354 : : DqslL. . Soliditice 
2+ The Side of a right Cylinder, and 


the Circumference P, being given, 
zo finde the Soliditic, Say, 


| | 23 *4 + 7, Or 1 « 019795775 : ; PqulL.. olidit.. 


In a Sphzre. | ! 


13 The Axis, or Diameter of aSphave bc: | 
ing given, to finde the Superticies. Say, | 


15.,, The Segment of 4 Sphare being given, 
to-finde the Superficies. - Say, | 
Q: chord | 


of 3Segm. .Syperfic 5; 


16 The 


7 +22, Or x + 324165; 
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ParrTl. Of Sphares, 


16 The Axis, or Diameter of a Sphere 
being ginen, to finde the Solditie, 
Say, | 
7*6 . 22, Or 1 . 0336 :: Dc » Soliditie . 


Example, A Sphzre is giaen, whereof the Axis is 1 2, 
I would know the tul:dity of it. Say, 


I « C9236 ;: 1728 (Dc) . 59298, 


17 TheSoliditic of a Sphere bezng ginen, 
to finde the Axis, Say, 


22 . 7:6, Or 1 . 1199986 :; Soliditie . Dc « 


Example. A Sphzre isgiue* , the Solidity whereof is 
5 901520*, I would know the Axisthereof. Say, 


I . 1199986 ;: 590298 , 1728 (Dc) « 


18 A Scgment of 4 Sphere being ginen to 
finae the Soliditie, Say, 


Firſt. e As the altitude of the other Segment, ts to the alti- 
inde of the Segment ginen : [015 that alrtu4e of the other Seg- 
wen sncreaſed by balfe the Axiyovnto a fourth, Thenagaine 
ſay, As 7*3 5t022, Oras 141010472 : [0 the produtt of 
the quadrat of halſe the chord of the Persferia of that Segment, 
wwltiplicd by that fourth, to the Soliduie, 12s 
7*3 . 22, Ort . 14> 22 pogrmncs- « Solidit. 

19 For note thata Sphzre, is equall ro two 
Cones, having their height and the diameter of 
their baſe, rhe ſame withthe Axis of the Sphzre, 
Or which is all one, A Sphere is two third parts, 
ofa Cylinder, having the height and rhe diameter 


of che baſe the ſame with the Axis of the Sphere. 
G CAP. 
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Of- Plaine Meaſures. ParT b 


| | Concerning Plaine, and Solide Meaſures, 


2 He dividing of the Carpenters raler into 
— m1 [@ > Inches, and halfe , and quarters, and 
"(> 5 halfe quarters ot Inches, chat is cf c= 
JN very Inch into cight parts, is moſt 
£5) 9 inartificiall, and vnfic for-meaturing,by 
I" PITID refon of the manifold Cenominations, 
' | which muſt be brought into one, and is hard to bee done 
| | of them tharare vnskilfull. I would wiſh therefore that 
| | cuery Inch were digided into Io parts , or rather that 
FE the foot were dinided into 100 parts,which is beſt of all: 
38 for thea there will neede no reduRtion. . And all other di- 
2F viſions muſt bee reduced vnto this, by theſe Rules 
| following. 
2+ It the meaſures be taken vpon a Ruler diuided into 
7" Inches and tenth parts of an Inch, firſt take our all the 
# whole feer, and then diuide the Inches remaining, with 
| their d&cimall partsif there be any by 1 2. 
Example. How many feet and decimall parts of a foor,. 
arc in Inches 273_? 
Firſt take out rhe whole foot which is 12 Inches, and 
| there will remaine Inches 5,3. : which being divided by 
I2,you ſhall haye 443 thoutand parts almoſt: wheretore 
Tnches 171?_, istect 1,442 —— «. And contrariwiſe, . 
| feer 11442 — , ſhall bereduced into Inches 171. , be» 
| | ing muitiplied by 12. | 
| $. If the mealure bee taken vpon a Rulerdiuided into 
inches and halfe quarter , that is each inch into 8 parts, 
Firſt you muſt reduce the cight parts into decimals of 
Inches, by dividing the number of parts given by 8the 
Dcnomiyator thereof : and afterward by the _ 
| ©, 
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Ruic, reduce the inches, and decimali parts, into deci- 
mall parts of a foot. 

Example. How many feet, and deciaull parts of a 
foot, are In 7 inches, and 5 cight parts ? 

Firſt diuide the 5 eight parts by 8, and you ſhall hane 
625 thouſand parts: which being pur to'7 inches, will 
make inches 71525; Again dinide theſe by 12,28 was ſhew.. 
ed in the former rule:and thewhole meaſure will be feete 
01535 . An1contrariwife feet 01535 , will be reduced in- 
to inches 71925, being multiplied by 12, 

4. I muſt aduiſe all thoſe that haue occaſion, to mea- 
ſare Plaines, or Solids, to make themſclues very perfet 
in this kind of Reduction (becauſe moſt Rulers they ſhall 
ordinarily meet withall, are diuided into inches, and 
halfe quarters) which will be very caſe tothem, if they . 
doe but remember, that I» dinifion the firs rerme of t 
proportion implyed, # the Dinifor 5 ſelfe : but in Mnultipli- 
cation, the fir ſt ternwe is enermore 1. as hath beene ſhewed 
in Chap: 2, Set: 7. And therefore, preſuming on the 
diligence of the Practifer herein, I ſhall nor neede in this 
kind of meaſuring, to ſpeake any more of inches, but of 
Feet and decimall parts of feet, as if the Ruler were fo 


diuided. 
Of Plaine meafures. 


5. AParallelgram, or foure fided reQ- 
angle Superficies, being propoſed, 
to find the /ength of 4 Superficial 

foote. 


Take with your Raler the breadrh thereof in feet,and 
decimals of a foor : and by the breadth ſo taken diuide 
7. the quoticnt ſhill be the lengrh of a ſaperficiall foot, 

Example, A boord is fect 1117 broad , how much 


thereof will make a foot ? 
G 2 Diuide 


—_— 


44 


4174 4 


Diuide x by 117, the quotient will bee 01855 almoſt : 
ſo much ſhall the length of a foot be, whici: multiplying 
the parts by 12, will give inches 12426 « And aganme 
thoſc parts mu!ripiied by 8, will giue 2 cight parts of an 
inch. 

Example, II. Intileing, or healing they vſe to rec- 
kon by che Square, which is 10 foot eucry way, in all! 
100 tcet, There Is roofe, tect 16125 broac, how much 
thcreot mak. th a Square? 


Diuide 100 by 16125 the quotient will bee 61 <4 al- 


| moſt: ſo muci ſhall be the length of one ſquare ; which 


multiplying the parts by 12, will be 6 feer, and inchcs 
x1343 —almoſt. And againc thoſe parts maitiplicd by 8, 


wall giue lomewhat morethen 6 cight parts of an inch. 


Example, ITT : In pauing they vſc to reckon by the 
yard, which 18 3 teer cucry way, inall gfcct. There is 
a rGometo bee paueo, which is teet 19175 broad ; how 
much thereof m>ketha yard? 

Diuide 9 by 1713, the quotient will be 01579 almoſt, 
the length ot one yard. 


6. A fower (ided rettangle Superficies,' 
with all the sppoſice ſides parallelt 


being propoſed, to find the con- 
tent, 


T-k- with your Rnler both rhe breadth and length 
of, an. multiply the one number 1nco the other. 


Example, A beard is feet 117 broad, and feet 16133 
long : how many teet doth ir ccntaine 1n aii ? iz 


Multiply x 61? by 11!7 che product will be feere 1911 
alot :. rhe whoic quaiiity of that board. 
Example, 11. A ccriaing barn tile. glarh the _— 


Plaine Meaſures Parr + 
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of the roofe feet, 1625, and the length of the barne is 
feet 47, how many 1quares of tiling hath it ? 

Dvuble the lengtn (that you may haue both files of 
the rootc) and it will he 94, which being multiplie/ by 
16/:5, will giue feet 15 271:_ « Againe diuide thole feete 
by 100,to ſhall you haue tquares 151275 . 


Example. JIT. A certaine hall paned hath the breadth 
Feet 17135, and the length fect 301+ , how many yards 
doth it containe ? 

Multiply 17135 by 3015 , theprodad will be feet 229 
[75 . Dwide thee by g and the quotient wiil bee yards 


7. A fower ſided Super ficies with the two 
frdes of length oncly parallel being 
propoſed, to find the comrent chere- 


of. 


Take with your Ruler the lengrh of the ewo p:rallell 
ſides thereof ; adde both thoſe numbers together, mul» 
tip'y halfe thit ſumme, by the breaath of the Superficies 
tzkcn the n. areſt way over, and the product will bee the 
conicnt thereot. 


Example, A Traprzium, or fower ſided figure is pro- 
poſed, hauug rwo ices thereo? paralleil, the leng:hof 
the 'onger paralle! fide is fecte 18545 and the length of 
the ſhorrer ſide 18 feere 141t*, the breadth thereot being 
takin the neat way over 15 teete 1215 , | would know 
how, many teere arc 6 :nrained in the whole Superticics? 


The le'igrh of the parallell ſides are feet 18175 , and 
1445 , which added tcgether make 33 1_, bale whereof 
is 1615 , which multiplied by.che brea''ch 1 27. ,the pro- 
duc will be 2c 71f_, ſo many freer are contained inthe ſu- 
pci ficies of the Lrayczum propoleds 

G 3 8. A 
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$8. A tower ſided Superficies which hath none 


of the ſides parallcl, as alſo eycry plaine figure of 
more ſides the fower being propoſed , muit with 
Diagoniall lines bee diuided into triangles. And 
aote that euery ſuch figure containeth ſo many tri- 
angles as it hath fides, abating two out of the 
number. Then thoſe triangles are to be meaſured 
ſcuerally as followerh. 


9 To find the content, or Area of 4 
Triangle, 


Take the perpendicular height, or necreſt diſtance be» 
tweene the baſe or knowne fide, and the angle oppoſite : 
and by that height multiply halfe the baſe, or multiply 
the whole baſe by balfe that perpendicular height : and 
the produdt ſhall be the content, of that Triangle. 


But if it be an /quilater triangle : ſay, 
1000 . 4339227 :: theſide of the triavgle. Area, 


10, To find the content of a ſegment of 
a Circle, whereof the Periferia is 
giuen indegrees 4nd decimal parts, 


Firſt ſay, As 100000, is tot 7451329253 : ſo is the 
Arch in degrees, tothe Arch in the dinifionsof the 
Radins. keepe this vumber found, 

Agame by the-6 Se: 1 chap : findout the 1yw#e fume 
of the Arch given. Then take the diffcrence of theſe 
two numbers tound, by ſubducting, the Sinws out of the 
Arch. Andlaſtly multiply halfe that difterence by the 
Radius Ioooco, the produtt ſhall be the coptent of that 
lcgment. 
| 11.The 
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z1 The chord ofany arch, together with 
the Radius, 07 ſemidiameter of the 
whole cuicle being giuen , to finde out 
the Arch ir ſelfe. Say, | 


M1 the Radins ginen , is to balfe the chord (reckoned in 
the fourth circle.) ſo 5s 100000,ts the ſinus of halfe the arch 
(to be reckoned in the firſt, or eighth circle). Wherfore 
double the arch found , and ſo haue you the arch of the- 


chord propofed. 


12 To finae a Quad rat, 0r Square equall 
to a ſuperhcics giner. 


Firſt, ſeeke out (as hath beene taught) the content of 
that ſuperficics : then take the quadrat roote thereof by 
Chap. 5, Sect.4. 


Of Solid meaſures. 


' 13 1na Columne, or Cylinder , having 
the baſe,co finde how much of it ma- 
keth a foot (olid. 


By a {olwmne I meanca ſolid body ariſing from a plaine 
batc, the angular lines whereof are paraliell, and cquall : 
and if the angular lines make right angles with the batc, - 
it is ar5ghe Columne, and the length 15s the heightthere= 
of : but if rhey make <blique angles, it is an Oblique (= 
tumne, ani thelenzth is notthe h. ight, buc the hetght 18” 

a p< rpendicular line let downe from tie top of the 1.0» 


lum ynto the baſe , extended if neede bee: 25 In the 
Fn: "Diagram, » 


Of Sold Meaſures. 


Diagrame , the Solid avcpE cu, 
is an Oblique (oluwmne, becaulc the 
angular line 8B , ſtan1eth oblique» 
ly vpon the ſite of the baſe Ba, 
and indeede vpon the baſe it 
ſeife, Wherefore the height of it 
ſhall be <quali to the line ey , let 
fall from the cop vato the vale cx- 
tended. 


And after this manner alſo a Cylinder, and a Pyramid 7 
and a Cone is eſteemed cither right , or ebi5que, and the 
height taken accordingly. 


Firſt therefore the baſe is to be found, of what faſhi- 
on {oeucr it is, as hathcuen now beene ſhewed, cither in 
this Chapter, or inthe Liſt before: and then viide x oy 
that ſame baſe : che quotient ſhall bee , the height of a 
Scion thereof, which is £quail to one foot ſold. 


Example, A Coluinne,or pecce of tymber,whoſe ſides 
are all parallel, hath the breadth feere 19, and the chick- 
nefl: thereof 1s feet 1125 : which mulipied rog-ther the 
product will be 2,"*75. Diuide theretore x, by 2,'375 ; 
and the quotient ſhall be 04457143 almoſt. And ſo much is 
the height of a ſolid foot, of char peece of timber. 


14 Having the Baſe, and the height of a 


Columne, or Cylinder , zo finde 
the whole content. 


Multiply the baſc intothe height, and the produ@ ſhall 
be the content. | 


Example, A Columne hath the baſe feet 211375, and the 


heightthereof is feet 27134, how many feer are contained 
in the whole ? 


Multipl, 
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Multiply the baſe 2,1375, by 19,4 and the product will 
be 36126875, ſo many folid feetare contained in that Co- 
lamne- 

And in this very manner may you finde the content of 
a Cylin:er, haning either the diameter, or circumtercnce 
giuen, together with the height. 


15 To mealure tapering timber, the 
baſe , or baſes thereof, together 
with the height being ginen. 


A Tapecring peece of timber, according as the baſe 
thereof is right lined, or circular, is either a Ppramide or 
a Cone,or cl{c a ſegment of one of theſe two: It it be a com- 
pleat Pyramide,or Cone, it hath but one baſe,Multip!y that 
baſe by ; of the height, aad the produtt ſhail be the con- 
tent, | 

But if it be the ſegment of a Pyramide, or Cone., Firſt 
firde out the baſes at both the ends, and multiply the one 
by rhe other, and our of the produdt thereof extract the 
Quadrat root : then adde together both the vaſes, 3nd that 
quadrat reo!, and multiply the Aggregate thereof by x of 
the heighr, the product ſhall be the content. 

Example. There is a tapering pcece of timber,the height 
whereof 1s feer 12:9 , and the breadth of the bac at the 
greater end is fect 117*,and the thicknes is feet 1132,which 
multiplied rogether, the product will be feet 213! tor the 
greater baſe : the breath of the bale at the lcficr end is 
teer 12 , and thethickneſſe there, is feete 0,9:, which 
multiplied together,the produt will be feet 1.<52 for the 
lefſcr baſe» Multiply the baſes rogethery the proZutt will 
be 2,53*52, the quadrar root whereof is 11538 almoſt, to 
which If you adde the ſummes of both rhe baſes, the ag- 
gregate will be 4,99 , which being multiplied by x of the 
height. ſcil, 4,2, the produd will be teet 3©,958,the con- 
teat of the peccec of timber. 

16 Where- 
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16 W hecrfore that vulgar manner which («peers vic 
in meaſuring ot tapering timber,is not truc:tor if a peece 
of timber be tapering, they mcature it in the very midle, 
and take the baie, or Section there, multipiying it by the 
wholelengthe VW hich thcir manner of woi king, Ifay , is 
erroneous. 

For firſt by praiſe acontent will be giuen, ener |cſſe 
then the truc coitent found according tothe former Set: 
which way of working is intallibly truc, as is Analsscally 
d. monſtrated,in my Clanis mathematice, Cha. 20,5cR.15. 

And {ceondly Ifſay , that the product of that middle 

baſe, or Section, mulciplied by the length , ſhall bee |cfle 
then the true content, by foure Pyramides , hauing for 
their baſcs, a reangle vnder balfe the diff-rence ot the 
th.cknc ſe at the ends , and a quarter of the difference of 
thc breadths: and are as long as halfe the peece of timber: 
Or which as all one , by a Parallelepipedon , vnder halfe 
the differences of the breadthes, and thickne les, at both 
ends, aad a third part of the whole length. 


Which thatT may ſhew, ſuppoſe one quarter of a ta. 
ring pecce of rimber giucn,lawed 1n tun; 'er,at halfe the 
breadrh, and halte the thicknefſe be A&sCDGFEH: the 
midle Section is IK £44, Meature vpon the greater baſe 
BN, and CO, <quallto AF, and BY, and NZ, cquall ro 
FE. Diutde CY, and DO 11 the mi ſt. inthepoints FX, 
aud Q , and draw the lanes P,2, NO paraikl to 8 C, 
and 


—_ 
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an 7Z, 3X paraucco BY. Mcature alto FER equal to 
G$S,or KL. And to the Parailelegram BPTX, {hall be 
quali to the middle Section KL M. Lally, draw the 
lincs LO, LY, LZ,and KP, KN, and MAX, MT. 

I ſay that in this ene quarter cf the peecce of timber, A 
ſo'id hauing the baſes equall ro /X £1, and the length 
AB (which isthe vſuall mcaluring ot Carpenters) is lefle 
then the true content, by the Pyramide DSYOL,in which 
DO, or SY, 18 halfe the difference of thicknes,and DS, or 
YO , one quarter of the diff-rence of breadths in both 
ends: andthe height of it equail t> halfethe length. 

For the two folides AFEAIKLM, BNZTIKLM, 
are apparantly equal , againe the two tolide wedges 
GSTPKL, PTYNKL areequall, and alſo thetwo ſolide 
wedges OCXYVLM, VXTZLM areequall, Now if you 
turne over the wedge GSTPKE, vnto the lefler part 
AFEHIKLM, it will ouer-reach 1n thicknefle, at the 
I: ler end the quantity of ER, and if you alſo turne ouer 
the wedge O CXYV LAM, vnto the lefler part, you ſhall find 
it to fillvp the former oucr-reaching, and to make an ex- 
a& Paraliclepipedon, the baſes or ends whereof are equall 
to the middle Section iK LM . but ouer and abouethoſe 
two wedges turned ouer, you ſhall haucleft the Pyra- 
mide DSYOL, which wasto be proued. 

And in like manner if a round tapering ſolide,or peece 
of tienber, be meaſured by the middle Section, or circular 
baſe, I fay, That the produt thereof multiplied by the 
length, ſhall be llc then the tru: content, by a Cylinder, 
the diameter of whoſe baſe, is £quall to halte the diffe- 
rence of the d1ametersof thetwo bales: and the levgth is 
one third part of the whole length. 
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Concerning the Meaſuring, or Gaugin 
p of Veſlells: 5 


4 Wine, or Beere vefſcll, whether Pipe, 
Hogthea«', Berrell, Kilderkin, or Firkin, 
and tuch like, is in forme of a Sphe oider, 
BYNYY hauing the twoends equally cut ef: aud 
Gannzs ccordingly may be meaſured thus. 


Meaſure the rwo diameters of the Veſſell, in. 
inches, or elſe in tenth parts ofa foote, the one at 
the bung hole, the otherat the head, and alſo the 
length within. And by the diameters found, finde 
out the circles , then adde together twothird parts, 
of the greater circle, and one third part of the leſle: 
Laſtly , multiply the aggregate by the length : ſo 
ſhall you haue the content of the Veſlell, either in 
Cubic inches, or cubic tenth parts of afoot. 


Example, Suppoſe a veſſcll, having the Diameter at the 
bung 3 2 inches, and at the head 18 inches, and the length 
40 inches. The quadrat of 32 is 1024. and the quadrat 
of 181$ 324: Say then cuermore, 


I . 0,236:; I024 « 536,65, 2 the circle atthe bung. 
"oo 0,613 ;: 324 « 84823 , x circle at the head. 

Or elſe by Chap. 7, Set. 4. 

The aggregate of thoſe two circles is 620,989, which 
being mulciplicd by 40, the !ergth gineth 24839,56cubic 
inches for the whole content of that yeſlcll, 

M.Eaw, 


Paerl. Of Veſſels. 


'2 Mr. Edm: Gwmer inhis ſecond booke of the Croſle 
Staffe, Chap. 4+ pretending to ſhew the manner of g2U- 
ging W ine veflels, beginneth with theſe words. 


«© The Veſſels which are hecre meaſured, are ſuppoſed to bee Cylin- 
« ders,0r reduced mtg Cylinders by taking the meaxe, betweene the Di. 
« meter at the head, and the Diameter at the boungue, after the uſual 
#1 anner. 


And according tothis ſuppoſition, teacheth to finde a 
Gange poent, for a gallon cf wine, in that his imagined 
Cylmadriacall veſſell 


Becauſe his words are cautelous, and ſubterfagious, 
wee mult alittle examige them; for if his way bee true, 
my Ruic before ſet downe, though grounded vypun de- 
monltraticn, ca:mnot ſtand. 

We<ll then, that reduction of a wine V<ſ{cll into a Cy 
linder, iseither true, or falſe ; if it bee crue what ncede 
thoſe ambiguities of Ye/#s: which are here meaſured : and 
ore ſuppoſed to be, @'c. and after the vſual! manner ? if falſe why 
is it not noted, but deliuered as a Rule to confirme an er- 
ror. And what meaneth, the meane betweene the Diame- 
ter at the head, and the Diameter at the boungue ? is it the 
meane Geometrical, or Arithmerticall, thatis the meane pro- 
portionall, or that Which equally differeth from both ? ſuch 
ſhifting is vaworthy an Artiſt. 

Firſt therefore, Let it be the meane in reſpet7 of difference, 
which is e£quall to halfe the ſumme of the two Diameters : 
I fay thatthe Veſſel! cannot truely be reduced toa Cyr 
der by ſuch a meane Diameter, For ſecing iris moſt ap= 
parent that ſucha Veſle!l, is greater in the middle then at 
the ends, the boords, or ſides thereof, ſhall from the 
middle to the ends, goe cither ſtreight, and ſo the Veſſel 
ſhall be as it were,two equall ſegments of Cones, ſet baſe 
to baſe: Orclfe arching, and ſo the Veſlcl ſhall (as be- 
fore I fayd, and is commonly taken for a truth) bee a 
S»heroides, hauing the two cnds <qually cut of. 


H. 3 If - 


Gauging. Part I, 


If it be conſidered as two fcgments of Cones : the 
meaſure by that meaue Diameter,or m1 le Section 15quite 
faiic,as hath beene demonſtrated 1n the tormer Chapter, 
Sct: 16, 17. and will be given leſle then the true con- 
tent, al: hough the fi'es goc {traight : much more then, if 
the tides goe arching; tor that conuexnefſc, muſt needs 
yeeld a greater capacity. And therefore in neicher can 
that manner of Gauging be true. 


Againe, it the weane Diameter be vnderſt>od to be the 
meane proportionall betweene the rwo Diameters, it 18 much 
more falie,for berweene any rwo numbers, thc meane Gee 
emetricall is|efle then the m2: «ane Aruhmeticall, 


Thus much Ih aue thought good in this place ingenu= 
oully to ſignifie to the inexpert Learner, that hee aught 
not beguile himſelfe witha prejudged opinion. 


3+ I haue ſhewed the meaſuring of veſſels by the cubie 
Sxch : but our v{uall reckoning is by the Galon,and parts 
thercof. Wee mult theretore doc the belt we can, to in- 
quire the tr#e quantitic of 4 Gallon in inch meaſure, which 
will bee difficult to doe exaftly, both becanſe the Stax- 
dards vivally are nor ſtreight fided, but a little arching, 
neither doe they agree perfectly one with another : but 
what partly by experiencc, both mine owne, and others, 
which hath, come. to my fight ; and partly by reaſoning 
Pe ſeeme to me. molt probable, I will not refuſe to tct 

oWne. 


4 Our Engliſh Gallen is vnderſtood to bee either in 
eAle\meaſsre, or Wine meaſure : and theſe two meaſures 


not a little differing, And firſt we will inquire about our 
Ale meaſwre. 


I my ſelfe have meaſured Buſhels, and Pecks, which 
hauc exaQtly beene fitted to the Staydards, and hauc ſill 
in my account found a.Galon to congaine better then 270 


cnbis 


PART I. of Veſſels. 


enbic inches , indeed much about 272, or 273 as pre- 
citely as [ could meaſure in a veflell not trucly regular, 
Alſo my worthy friend Maffter Willzam T Wine, who hath 
vndergone great pannes and charge, in finding out the 
true content of our Engli/a meaſwres, gaue vato metwo ſe- 
verall meaſures of an Ale-galon, and thoſe in due confide- 
ration but little diff.ring. The one was fonnd out by a 
brafſen vcfcll azade in manner of a Parallelepipedon, the 
baſe whereof was cxaRly (ixe inches ſquare,and the fides 
divided 1ato inches and twentieth parts: into which 
vel. || he powring out a ſtavdard Galton of 2 ucene Eliza- 
beth, fulzd with water, foun3 ittherein to at1ic vato 7 in. 
ches, and 6 tenth parts : which being computed maketh 
Cubic inches 273 . The other was found by taking 
the dimenſions of chat favrdard Galen, which was made 
in forme of 4 /egment of 4 Cone, but that the ſides were 
alictlearching ; the dimenſions were thus; the Diame- 
ter of the top was inches. 655_: the Diameter of the 
bottome was 1nches 513_ : ani the height of it was in- 
ches 91®_: which bc1ng caſt vp by Chap: 8, Set: re, 
will be :vund to containe cubic inches 268135 ; diff-rivg 
from che tormer, only cubic inches 4 ;j : whica difference 
might well ariic through the caruitic of the ſides « Theie 
mcaſurcs he diinor only rake himſelfe, bur to gine me 1.- 
tistaction,ſhewed me rhe expe-ience in the ſaid Yeſ-8 and 
Standod:. bat the truth is, I obſerucd che Sraniard, be- 
fides the arching of the fides, to bee not exiMly circular 
within, nor che brimme of aneven heighr, nor the bot- 
towe piaine: and in taking the h-1ght of the water in 
the Y (4, our ſight was not able to eſtimate the aſcent 
th:reor {-» precitely, chat a ſpo-efull of water, more or 
leflc,could breed any tenſiblediff-rencee. 


What therefore ſha'l wee doe in this difficultic ? in» 
d-ede iooke to the firſt ground, nil principle of our Eng» 


lith cacaluring, from Baricy corncs For the length of 
3-Barley 


Of Pefſels. Parr l. 


3 Barley cornes takenout of the middle of the eare1s an 
I:.ch, or Vncia, that is a tweitth part of a foot. 3 feete 
make a Tard : and 16 feet and an halfe, that is 5 yards and 
an halfe, a Perch, with which wee mealure our land z for 
40 perches is a Furlong, and 2 furlongs an Fngleſh mile : 
and againe 4@ ſquare perches is a Roedland, 4 roodland 
make an Acre. So then aPerch which is feer 167, or 
yards 5 is as it were the beginning of all land meaſure 
in length : and a {quare Perch whichis feete 272 5, is as 
it were the beginning of all land meaſure in the ſuperfi- 
ciall content. 


Now therefore ſceing in Yeſſels a gallon #4 as it were the 
beginning of Vefſell meaſure ( for a Portell is but a dimi- 
natiue of it, and 4 quart, the quarter) ir 18 not vnlikely 
that our wiſe Anceſtors had ſuch a conſideration allo in 
ſolide meaſures, that as a ſquare Perch (the beginning of 
Superficial land meaſure) did containe 372 ſquare feete 
and 1 quarter ; ſo a Gallon (the beginning of vefſeil mea« 
ſure) ſhould containe 272 Cubic inches and aquarter. 
And the rather ſeeing thar the ancient Geographers, diuide 
a foote into 4 Patmes, a palme being 3 of our inches, as 
3 feeteareayard, Sothat as the ſide of a ſquare Perch 
confſiſteth of yards5 5 , a Gallon alſo ſhonu'd confiſt, of a 
number of Cubic inches the ſquare fide whereof is 
palmes 5; « 

Wherefore ſauing the exat truth when it ſhall ap= 
peare, and inthe mcane time the more probable reaſons 
of other men, I make bold to tender this my conieQure, 
to the cenſures of more diligent Inquirers, T bat the 
meaſure of an Engliſh Ale gallon ſhould be a ſquare Veſſeh of 
mmch I6; » Or Palmes 5 G every Way, and 1 #nch aeepe ; that 
is 272125 Cubic inches. 


5. And this my opinion may pera 'ncn'ave recciue 
ſome confirmation by the inquiry of au £»g4/s Wine 
Gallon, 

Maſter 


ner ET 


© 05 I OR 


l 
K 
þ 
F 
| 
3 
L 6 
| 
7 
} 


Parr l. Gauging. 


M. Henry Briggs that learned Geometrician, and my 
very louing fricud, made an experiment, with a Cubicall 
veſſel], which was 12 inches euery way , which hauing 
filled with water carefully meaſured, found it to containe 
7 gallons and an halfe wanting « =zowent , as hee himſelfe 
long fince, being then of Grefb. Colledge,(ignificd to me. 
Now if it had contained exactly 7 gallons, and an halfe, a 
Wine galon ſhould hauc beene 23014 cubic inches , but be- 
caule it wanted a little, the gallon muſt be ſomewhat big- 
ger, for which woment therefore if you will put 6 hun- 
dred partsof an inch, the Wine gation ſhall containe 231 
exbsc mches, 


Againe M. Gwnter in the place before mentioned ſhew- 
eth, that the common opinion is that at Zendon, a Cy/in- 
driacall veſſel, whoſe diameter is 38 inches, and lengrh 
66 inches, doth containe 324 gallons : wherefore by this 
account a gallon ſhould bee 231 cubic inches almoſt ex- 
atly , which in both fo neercly agreeing, wee may well 
conclude, That a» Engliſh Wine gallon doth containe 271 on- 


bie inches, : 


It is alſo commonly recciued , that the reaſon of the 
greatnefſe of an Ale gallon abouc the Wine gafonis, that be- 
cauſe of the frothing of the Ale er Becre , the quantity 
becommeth lefſe, and therefore ſuch liquors that did not 
ſo yceld froth, as Wine, Oyle, and the like, ſhould in rea- 
ſon haue alefſer meaſure. If then we compare theſe two 
gallonstogether, we ſhall finde thar 


27225 » 331 33: 169 «. 14. 
which abatement might to. our Anceſtors, in apportio- 
ging thoſe meaſures, tceme to be reaſonable. 
"4 6 To 


58 255 ; of Veſſels. Parr. 


6 To finde how many Cubic tenth parts 
of a foot are in a gallon, both of Beere, 
4nd Wine : or alſo is any number of 
Cubic inches. 


Becauſe there be in a Cubic foote , 1000 Cubic tenth 
parts, and 1728 Cubic inches, ſay, 


17238 (C: 12) . tcoo(C: 10) :; 27205, 0579520 
eubictenth parts of a Brere gallon. 


And 1728 (C:13) . 1000 (C: 10) ;; 231 . 133,6893— 
cabic tenth parts in a Wine gallon. 


Alſo 1728 . 1000 :: 2483965 . 14374745, 
- cubictenth parts,are 18 the vefſcll meatured in Secs 1, 


7 And according to theſe meaſures ſo found ,. you 
may ealily finde the content of a pint, or quare, or peck, or 
buſh: ,which two laſt are to be reckoned in Ale mea/nre,. 


8 The Content of a Veſſell , being ginen in 
cubic inches,or 7» cubic tenth parts of a 
foot,ts finde-how many gallons it con- 
taineth, 


This is eaſily done if you dinide the content giuen in 
inches, by 27 2125 for Ale meaſure : and by 231, tor Wine 
meaſure. Bur if the content be giuen in decimall parts of a 
foore diuide it by 1575521 — for. Ale meaſure ; and by 
133:;5303 — for Wine mcaſure. 


Example, How many wine gallons are in a veſſell con- 
taining 248 39:55 cubic.inches, or 143741746 cubic tenth 
parts of a foote. Diuide 2483955 by 231 , or diaide 
143741745 by 133: , and the quotient fall be 107,53 
Wine gallons. 
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Concerning.the Compariſon of ſundry Metals, 
in quantity 4nd weight, 


has F fourcpicces of Mctalls, whereof the 
SM Gy) third is of the ſame kinde with the firſt, 
62] &&8 2nd the fourth of the ſame kind with the 
£-) SF (ccond, we proportional, their grauities 
>> GP alſo, or weights, ſhall be proportionall. 
2; - If there bce fourc pieces of mctall, whereof the 
third is of the ſame kind with the firſt, and the fourth of 
the ſame kinde with the ſecond: and the firift.and ſecond 
be of equall greatnefle, and the third and fourth of equall 
weight ; the weights of the firſt and ſecond, ſhall be reci- 
procall.to the magnitudes of the third and fourth. 
- ' 3.” Two Sphztes of the ſame matterare inweight, as 
the cubes of cheir Diametcrs,are in magnitude. 7 contra, 
4. Pieces of Metall if they bee of *equall magnitude, 
haue their weights' in dire proportion , avis here ſee 
dewne : but if they be of equall weight, -they haue their 
magnitudes in proportion reciprocall : According to the 


' © experiments of Af arin Gberalds; in his traftate called 


w 


eArochimedes promo. i : 
, "Gold. 3999. | Brafſe. 13890 
' Arg. Vius 2850 | Iron. 1680 
Lead. : 2415 | Tinne. I554. 
| Siluer.. . 2030 as 
* 1.56. To finde the Weight of « Sphere of 
- -Tixme, hauing'the Diameter 1 Inch, 
++ or elſe 18euth part of 4 foot. 

Takea piece of Tinne, and turne it exaQy ina Lathe, 
into a Cylinder , having both the Diameters of its baſe, 
and alſo the length cquall, to the, Diameter of the Sphere 
gizen. Then weigh thar Cylinder , that you may = 

I 2 e 


" c > 
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the weight thereof in graincs: And laſtly,take two third 
parts of the whole rumber of graines : for the weight of 
the Sphare. 

After this manner {rin Ghetalds found a Cylin-- 
derof x inch, or twelfth part of a foot thick, and long 
to weigh 1824 graines : whercot 7 is 1216, the weight | 
of a Sphzre of that thickucfſc. ; 

- Againe if you ſay, | ; 
1000 (C:10) . 1728 (C: 132) :: 1216 . 2101248 | 

You ſhall hane the weight of a Sphzrc whoſe Diame- 

ter-is one teath part ofa foot, 
Wherefore alſo 4 C uhed inch. of Tinne Wesgheth 
23224 —, and # Cubed tenth pars of a faote Wesgheth 
O13 — 
bs And note that War ; Ghetalds victh the ancient R8- 
9941 foot, which by the gaeaſure ſet downe in. bis book: 
lecmeth to bs very little Icfle, then our vſuall £xg4/þh foor, 
14 Botexactly the (ame. 
Nate alſo that he diuideth one pond, into 12 0@nces,and 
- Enzery xce into 24 Scruples , and cucry Scraple into,24. 
$ragnes: 0 that an ounce with him weilgheth 576 graines: 
and, 4 pownd.6912, Whereas cur Engupp ponnd of Tray 
weight by Afﬀize , or Guld ſmiths Weight , is. but 5760 
graincs, and our evnce 480. But whether the Kagazeas 
grain, be the:lame withouy Engi4h', Ilkayeto be tryed | 
by the diligent Practizes. | 
6:To finde the. Weight of a Sphere of | 
Tinne, at any other Diameter afftened, 4 
Multiply theCubgot the Diameter giuen by 1216, if 
itbe in ipck-mealanes. onby 2101,:248, if tho meaſure be 
by decimall parts ofa foot: and the prodaRt will be the ' 
weight of that:Sphzze. ; 
And. contrariwiſe ts.find rhe Diameter of a Sphzre of 
Ting, by the weight, giucn in graines. Dinjde, the 
weight giuen in, graines by 1216 if you;weuld bauc inch, 


meaſure ; 


$992 * hems 
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mcaſure: or by 2101,248 if you would meaſure by deci- 
mall parts of a feot , and the quotient ſhall be the Cube 
of the Diameter. 
7. To finde the Weight of 4 Sphere of 
Mettall, at any Diameter giuen, 
either in Inch meaſure,or in decimall 
. parts of a foot. 

Firſþ by Se&4.6,feoke rhe weight of a Sphzreof Tinne, 
at that Diameter : then by Sect. 4, ſay, 4s the proportional 
number of Tinne , is to the proportional unmber of that other 
Metall: fois the Weight of the Spheroof Tinne-now fornd, to 
the Weight of the Spherepropaſed. 

Exampte. Suppole aSprzxc of Iron, whoſe Diameter 
18 3 inches; whac ſhall be the weighe chereof ? 

Firſt,the weight of a Sphzre of Tinne,of 3 uaches Dia- 
meter, will be found to be 32832 graines. Then ſay, 

155% + 16go :: 32832 . 354941954 graincs 
the. weight, of the Sphzre propoſed. 
8 To finde the Diameter of a Sphare of any Me- 
tall 1n inch meaſnre , or decimailparts of a fook, 
the Weight thercob being ginen, 

Firſt by the.contrary. of Set. 6, ſecke the Cube of the 
Diameter of's Sphere of Tinne of that weight, Then by 
SeR. q, fay:reciprocally. As the proportionel number of that 
othty Metall, is to the propertionall number of Tinne : ſo 1 the 
Cube of the Diameter now found, tothe (uber of the Diame- 
ror of the Sphere propoſea. 

Example. A Sphareof Iron weigherh 35494044 grains: 
how, many inches is the Diameter thereot ? 

Firſt, the, Cube of the Diameter of a Sphere of Tinne 
of 3549424 graines.weight, will be 291138970595 , them 
ſay, reciprocally, 

1680 + 1554 :3 2905910695 , 239—' 


The Cubic root whereof is 3, the Diameter of a 


Sphzre ef Iron of that weight propoſed, | 
pts I 3 CHAP, 


"Worn T. of S TO FEER Pa «7.1. 


ET 


CHAP, XI. 


- Concerning the Ordering.of Soldiers, in any 
kinde of reftangular forme of battaile, 

> Attailes are conſidered vitheriin reſpect 
{© of the number of men, or':in'reſpet of 
SY the forme of ground. Af4/quare batrabe: 
2- of wen is that which hathran cquall num. 
EW bcr of mcn,both in Kankdtd-File,though 
the ground on which they ſtand ,: bee longer on the Fle,: 
then on the Ravke. And a ſquare battaile of growndjs that 
which hath the Rawko as long as the File,- though the! 


, » 123 11 
ft '» gre bb 


menin Ravnke be more then in Fs/e. - | 
2. In reſpeR of the number of men, iriscalled either” 


., 
. 
- 
” 


a ſquare battaile,or a donble battaile,or a battaile of theigrand = | : 


from, which is quadruple, or 4 battaile of any propertion,of 
the number in Ranke, to ks in File, "7 | 


. d LT 
3- If it bee 4 ſquare battaile of men: Extract the qua- 
drat root out of the whole number of men, and the ſame 
ſhall be the number of Souldiers, to be ſet ina Ranke. -- * 


Example. 576 Souldiers arc to bee” martialled'ina 
ſquare barcaile, that ſo many may be in Rankeas.in File, . 


Take the quadrat root of 576, which is 24: the lame . 
ſhall be the number to be placed in a Ranke. * - . ++ 4 


4. If it be 4 dowble battaile of men : Extra the qua-- 
drat reot outef halfc the number of men , and the ſame 
doubled ſhall bee che number of Souldiers to bee ſetin a 
Rauke. | | 


Example, 1458 Souldiers, areto be placed ina double 


batraile ; ſo that twiſe ſo many may be in Rank as mo 
ake 


LY 


CCC 


PART [. Ordering of Souldiers. 


| Takehalfethe given number 1458, which is 729, the 
quadrar root whereof is 27: double itand you ſhall haue 
5 4 men to be placed ina ranke. 


5+ If it be a quadruple battaile, which is called of the 
great front : Extract the quadrat root out of one quarter 
of the number of men, and the ſame quadrupled ſhall be 
the number of Souldicrs to be ſer ina ranke. 


Example. 1024 Souldicrsare to bee martialled intoa 
battaile of the grand front, lo thatfower times ſo many be 
in ravke as in file. | 

Take one quarter of 1024 the number given,which is 
256, the quadrat root whereof is 16 : quadruple ir, and 
you ſhall hauc 64 men to beplaced in a ranke, 


6. If a battaile bee required of any other forme, that 
is, if a Ratio be given, according to whichthe number 
of menin Ranke, all beto the number in file. * Multiply 
the two termes of the Ratio given : Then ſay As the pro- 
duFF i to the quadrat of the terme Which is for the ranke, or 
As the terme which 1s for the file, is to the terme Which is for 
the ranke ; ſo is the whole number of Souldzers, tothe quadrat 
of the number of men to be placed in 8 ranke. + 


Example. 1944 Souldiers, are to be martialled ſo, that 
thenumber of the ranke, be tothe number of the file,as 
$ynto 3, thatisfor 2 men in ranke, 3 areto be ft in file. 


Firſt multiply the two termes of the Ratio 8and 3, 
the produt whereof is 24, alſoquadrat 8, the terme of 
the ranke, which will be 64. Then ſay, 


3 - $8 7-8 .1944 -» F194 © 


out of which extra& the quadrat root 72, and it will 
giue you the true number of the ranke. 


7+ InreſpeRof the forme of ground, the battaile.is 
cither 


ak... 
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either 4 /quare of ground, or longer one way then the 
other. For the diſtance, or order of Souldicrs martiallcd 
in array, is diſtinguiſhed cither into Opew order,or Order, 

Openorder is when the very centers of their places,are 
diſtant 7 feet aſunder, both in ranke and file, 

Order i when the centers of their places, are diſtant 3 
feet and a halte in revke,and ſo much infile. Orelſe 3 feet 
and a halfe in 7anke, and 7 feet in file: which laſt order, and 
whatſoeuer order ciſe there is, in which the diftance of 
thereskes one from another is greater, then the diſtance 
of files, cauſeth that « ſquare of wen, maketh not « /qaure of 
ground , but the ground is longer on the file then on the 


Tr anke . 


2 If it be 4 ſquare battaile of ground , the centers of the 
diſtances being feet 33 inrenke, and 7 fect in file. Becauſe 
3; is halfe of 7, the ratio of the diſtances, 18as I unto 2. 
And ſecing the number in ranke, to the number in file, is 
reciprocallto the diſtances , the ratio cf the number of 
meninranke, to the number of men in file, ſhall be as 2 
.unto 5. And ſo the Rule ſhall be the ſame with that in 
SeR. 6, namely, As the terme of the file, ts to the terme of the 
ranke ; ſo 14 the Whole number of Sonldiers, to the true number 
of the ranke. 


Example, 1352 Souldicrs, are to bee ſet in « ſquare of 
grownd, that their diſtances may be feet 35in ranke, and 7 
tectin file. 

The Ratio of the ra#keto the file, ſhall reciprocally be, 
a8 7to 35, that isas 2 to 1. Say therefore 

M S 2 * © I353 4 2704 3 


the quadrat roote whereof 5218 the number of mento be 
ſctin aranke. 


9 Ifabattaile wherein the diſtance in ranke is vnequall 
tothat in file , be longer one way then the other , accor- 
ding 


ond. eden tio 
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ding to any Ratio giuen : there 1s to be conſi/ered a dou- 
ble ratio, one recipiecall in reſpedt of the diſtinces, the 
other according to the forme of the ground. W herefore 
to finde the Ratio of men in rank; to the men in file, Mal- 
tiply the two termes of the ranke, for the ranke, and the 
ewo term<s of the file, for the file. A1d then the Rule 
ſhall bee the ſame wich: thar in Sc. 6, namely, As th 
terme of the file, ts to the terme of the ranke : [0 is the n1mber 
of Souldiers, to the quadrat of the trus number of the ranke. 


Exampl:. 195290 (ouldiers, are to beſet in a battaile, 
ſo thar they may ſtand onely z feet aſunder in ranke, and 
7 feet in file , and the length of the ground for the rinke, 
to thelengrh of the ground for the file, ſhall haue the ra- 
tio of 5 vnto 2. 


Firſt in reſpe of the diſtances, the Ratio of Rink to 
file, reciprocally is as 7 vnto 3. Secondly, in reſpet of 
the ground, the ratio of rank, to file, isas 5 to 2. W here- 
fore by multiplication of like termes, the true ratio of 
rank to file ſhall be 7»5 to 3»2, that is as 35 to 6. Say 
therefore 


6' © 35 $33 T0390 © cons 


the quadrat root whereof is 245 , the number of men to 
be ſct in ranke. 


10 If 1000 Souldiers, may be lodged in a ſquare, of 
300 feete , how many feere muſt che fide of a {quare be, 
which will ſcrueto lodge 5000 ? Say, 


IOO7) , 5OOO 3: 300#300 « 450000, 


the quadrat roote whercof 672 — is the ſquare ſide 
ſought for. 


And this is the order for reſolution of all other que ſti- 
ons of this lort. 
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CHAP, XH. 


A colleftion of the moſt neceſſarie 
Aftrunomicall opcrations, 


1 22%) 4 Efore wee deliuer the Rules of (ach 

EB 3% operatic ns, it will not be inconuenient, 

to ſet downe certaine Reauttions, wher- 
F; of we may haue frequent vie. 


JA 


Example, How many decimals are 34 , 12"? 


To reduce ſexageſime parts into decimals, 
'* Diuide the ſexigefimcs gm by 60, 


Here are required two reduQtions, firſt of the ſeconds 
into decimals of minutes: then of the minutes with their 
decimals, into decimals of degrees, Thus 


60 . I -#- I2 . Oat. 


Againe - 
Tt 263. - of? 


Whc:refore 34, 12” areequall to 0157 of a degree. 
And contrariwiſe to reduce decimall parts of degrees in 


[exagefimes. Multiply the decimall part ginen by 60, 


Example, How many ſexageſime parts are 0572 


Lk: 1407". 240, 


Againe 
To 0 2 © » 12 
To reduce houres into degrees, Multiply the houres with 
their decimall parts by 15. 


Example ' 


PartTl. Aftronomicall operations. 


Exampl:. ri w many Oggrees are 8H0, 2. 12” ethatis 
by the former reduction 8.57H9 2 thus 


3 , 15 tt; 8157 « 12855 


; Wherefore Houres 8, 34%, 12" due containe 129.55 
degrees. 5 


And contrariwiſe to reduce degrees into honres, Divide 
the degrees with their decimal! parts by 15. 

Example, How many houres are in degrees 128155? 

195 « IT :3 129895 «- $97 

2 Itis to Le vnderſtood , ther if fuure nuwbers are 
proportional, their Order may b= lo tranipoſed,that each 
of thoſe termes, may bee the liſt un proportion. In this 
manner , 
I, As thefirſtis to the ſecond; ſo is the third 

to the fourth, 

II. As thethird is to the fourth; ſois the firſt to 


the ſecond. 

III. As the ſecond isto the firſt ; ſo is the fourth 
to thethird. 

III. Asthe fourth is to the third, ſois the ſecond 
to che firſt, 


Wherfore cuery proportion dorh implicitly containe 
foure Orders, two deſcending, and twoalcencing, 1s may 
be ſeene by their combinations : By one of which orders, 
; if of foure ;roportionallnumbers,any thre: bc giuen,that 
other whuch is ynknowne, may be found out. 
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Example, To finde out any of theſe, 


1 Asthe Sine of the complement of the ſuxs 
3 declinarion, 
o C2 i$storthe Sine of the compl. of his alritude ;; 


= +3 Solis the Sinc of the Sannes 1zumuth trum 
L the meridian, 
» to the Sine of the horary diſtance from the 
meridian, 


Ifthe firſt, ſecond,and third termes be giuen,the fourth 
ſhall be found out by the 7 order. 


If the firſt, third, an1 fourth termes be giuen, the ſe« 
cond ſhali be found out by the 17 order. 


If the firſt, ſecond, and fourth termes bee'giuen, the 
third ſhall be found out by the 117 order, 


If the ſecond, third, and fourthtermes be ginen, the. 
firſt ſhall be tound out by the 1111 order. 


3- -To finde out any one of theſe. 


1 Asthe Radsxy, or totall Sine 
'Þ istothe Sinc of the d5ſtavce, or longitude of 
the Swnne inthe Ecliptic, from the next 
A.quinoctial point ; 
3 So is the Sine of the Swnnes greateſt decli 


rermes 


nation(which is the angle of the Ecliptic 
withthe AquinoRtal), 

"4. To the Sine of the Swnnes declination in 
thatlongirude. 


4. To 


© OT 
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4. To finde out any one of theſe, 


2 is tothe Sin: »i the Sumner right aſcenſion, 
from the next zquinoRiall poine ; 
3 So is the tangent of the Swwnes greateſt de 


$ 1 As the Radins, 


termes 


clination, 
4 to the tangent of the Swmes declination in 
that place; 


5» To finde out any one of theſe, 


2 1s to the Sinc of the compl. of the Swnres + 
greateſt declination : 
3 So is the tangent of the /ongitude of the 


? 1 Asthe Radius 


termes 


Sznne from the next zquinodi3!l point. 
4 to the tangent of the Right aſcenſion of the 
Swe, from the ſame zquinoRial point, 


6. To finde out any one of theſe. 


2 is tothe Sine of the compl. of the longitude 


+ of the Sunne from the ncxc xquinotiall 


$ 1 Asthe Rains 


E point ; 
L Q; Soisthe tangent of the Swnnes greateft dc- 
clination, 


/ 4 totherangent of the compl. of the angle of 
the Ecliptis With the Meridian, 
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7. To finde out any one of theſe, | 


2 is to the: Sine of the Swwer greateſt declis 


Sy As the Radin, | 


mation : 


rerm 


right aſceuſion from the next xquinoctial 


4 to the Sine of the compl, of the Angle of = 


| the Ecliptic with the Meridian, 


8. To finde out any one of theſe. 


1 As the Sine of the compl. of the Poles 
3 height, 

2 istothe Radins 3 
$ So is the Sine of the Swnzes declination, 


rermes 


4 tothe Sine of the Swnnes Amplitnde ortine, 
that is the arch of rhe horizon from the 
place of the, Suanes rifing or ſerting ro 
the truc Eaſt, or Weſt point. A 


9. To find out any one of theſe. 


5 avs —_— | q 
3 isto the Sine of the Sunmnes greateſt ampl;e 
[4 tude orrine, which is in the Tropicks 
| : 3 So is the Sine of the longirnde of rhe Sunue 
o 1 from the next zquinoctial point, 
4 tothe Siac of the Swnnes amplitnde ortive. 
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3 Sois the Sine of the compl. of the Sunnes 
3 int, 


Or 
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Oralſoof theſe. 


x As the Sine of the compl. of the Potes 
; height, 
2 (2.1 to the Sine of thecompl. of the Swnnes 
5 ateſt ion : 
& £3 So is the Sine of the Swnnes longitude e from 
the next 2quinoQial point, 
4 to the Sine of the Sunnes amplitude ortive. 


ro. To finde out any one of theſe. 


1 As the Radive, 
2 '2 is to the tangent of the bees of the Pole, 
S (3 Sois the tangent of the Sunxes declination, 
- 34 tothe Sinc of the Sunnes eA ſcenſional dife 
- ference, 


11. To finde outany one of theſe. 


1 As the Radows 
; 2 is tothe Sine of the height of the Pole : 
. 3 So is thetangent of the Sumues ampiitude 


ortine, 
4 to the tangent of the Fees aſcenſronall 
difference, 


Oo 
U 
=) 
=_ 


— ron —. " Panrl, 7 


12. To finde out any one of theſe. 


1 As the Sine of the compl. of the Sane: 
declination, 
Z 2 isto the Radivs : 
S c 3 SoistheSine of the compl. of the Sunxes 
amplitude oriine, 
_ to the Sine of the bn com of the Swwmes 
--- aſcenſionall differ 


13 To finde out any one of theſe, 


ofs 1 Asthetangent of the height of the pela," 
2 istothe Radivs : 
3 Soisthe tangent of the Swaxes declination, 
212 to the Sine ot the Sans borary diftance from 
the Meridian, being due Cat or Weſt. 


14+ To finde out any one of theſe. 


1 Asthe Sine of the height of the pole 
Z 2 is to the Radins : 
5 #3 So isthe Sine of the Swwnes declination, 
pF to the Sine of the Swnnes altitude being due 
Eaft, or Weſt. 


| -' NL, 
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15. Tofind oatany one of theſe, 


3 rt. As the Radu, | 
2 0 2 istothe Sine of the height of the Pole : 
85 23 SoistheSine of the Swnnes declination, 


2 4 tothe Sine of the Sunnes altitude abowe 
; the Horizon at ſoxe of the { Tocke. 


16. To find out any oneof theſe. 


1 Asthe Radins, 
U I 2 i5 to the Sine of the complement of the 
8.* Poles height. 


4 to thetangent of the Sunnes Aznmith fr ome 
the North meridias, at 6 of the Clocke, 


17 The hower of the Sunnes Riſing, and ſetting is found 
out by the eAſcenſoonall difference. For if you reduce 
the degrees of the Aſcenſionalldiff. rence, into howers,it 
will ſhew you how much the Sunne riſeth, or ſetteth be- 
fore, or after 6 a Clock. | 

18. The Oblique aſcevfion alſo of the Sunne is found 
out by the A/cenſionall diff rence. For if you ſubduRthe 
Sunnes Aſcenſionall diff:rence, out of the right aſcenſion 
of the Sunne, from the beginning of Aries, for the fixe 
Northerne ſignes whichare Y. 5 It S, NM or if you 
adde it thereto, for the ſixe Southerne Signes, which are 
OY &, you ſhall have the Sunnes oblique af- 
cenlion. 


: 3 Soisthe tangent of the Swnnxes dechinati® », 


19. The declination of the Snnne, and his Al- 
zitude aboue the Horizn at any time, together 
with the height of the Pole being giuen, to find 
the bower of the day. Say, 


L As 


. 


+ 
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As the Rada, 

is to the Sine of the complement of the Swunes 
declination. 

Sois the Sine of the compl. of the Poles beig he, 

to 4 fourth number. Keepe it, 


Then out of the Sunnes diſtance from the North pole, 
ſbduct the complement of the Pole ;. and of that re- 
maines, and the complement of the Sunnes altitude, take 
both the Swmwe,and allo the difference. And lay againe, 


Asthe foxrth before kept, 
is to the Sine of hatfe that ſumme : 
ſo is theSine of halfe the difference, 
's onto a nnwber Which being multiplied 
by the Radius, is cquallts the quadrat, 
of the Sine of halfe the Angle of the 
Sunnes horary diff ance from the Meridian, 


20, The declination of the Sunne, and his 4lti- 
tude aboue the Horizon at any time togethcr 
with the height of the Pole being given, to find 
the Sannesr Azwmith, Say, 


As the Radine 

' 1sto theSineof the compl. of the Suns altitnde. 
So the Sine of the comp!. of the Poles height, 
is to 4 fourth, Keepe it, 


Then 'out -of the complement of the Sunnes alti- 
tude,ſubdutthe complement of the Pole; and of that re« 
maine<, .and the diſtance of the Sunne from the North 
Pole , take both the Swwre , and alſothe difference : and 


fay againe,. : 
$- 


Fl 
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As the fowrth before kepe, 
15to the Sine of halfe the ſumme : 
So ts the Sine of bal,s the difference, 
vnto 4 number which being multiplied 
by the Radius, is e<quall to the quadrat of 
the Sine of halfertbe angle of the Sunnes 
horiz.»ntall dsſtance from the Meridian, 


* 21, To findthe /engthof the Crepuſene 
lum, or Twilight. 


Betweene the light of the day, and thedarkenefle of 
the night, the Twilight is ſet by the wiſe Creator z that 
wee here vpon the carth mighc not in an inftant, paſſe 
from one extreame inte another,” but by 'ſucceſſiue de- 
grees. The Twilight © nothing elſe but the refrattun of 
the Suunes beames, mthe den/iis- of the aire, And Pet. 
Nomziu to find the length of the Twilight, watched the 
time after Sunne ſet, when the twilight in the Weſt was 
ſhut in, ſo that no more light appearcd there, then in any 
other part of the sky neere the Horizon : then by one 
of the knowen fixed Stars, having takenthe true hower 
of thenight, found by many obliruations; that at the 
time of ſhutting inthe Twilight, che Sanne was vnder 
the Horizon 18 degrees, and vntillthe Sunne was gone 


ſolow,the Twilight continued. ' Say therefore 
Asthe Radire 
15 to the Sine of the compl. of the Swnnes 
declination : 
So the Sine of the compl, of the heigth 
of the Pole, : 
# to a fourth, .  Keepeit. 


Then out of the Sunnes diſtance from the South Pole, 
ſubdu& the- complement of rhe Pole ; and of that re- 
LY maine 


% 5 
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maines,and degrees 62,take both the Swmwme and alſo the 
difference ; and ſay againc, 


As the foxrth kept, 

is to the Sine of Salfe the ſnmme : 

ſo is the Sine of halfe rhe difference, 

to a number which being multiplied 

by the Radius is equall.to the quadrat 

of the Sine of 'hatfe the angle of the 
Sannes diff ance at the ending of the T wi- 
light, from the bigh Noone next toit, 


Wherefore if out of the whole angle conuerted 
into howers, you ſubdu& halfe che diurnall arch, orthe 
hower of the Sunnes ſetting, you ſhall hane the true 
length of the (rep»ſcnlum, or Twilight, 


22+ To find the length of the leaft Cre 
puſculum in the yeare. - 


The Sunne being in the winter Tropse maketh the lon- 
geſt Crepuſcalum, of the whole winter halfe yeare, and 
trow thence, as the dayes increaſe, the Crepu/cxla doe 
decreaſe vntill they come to bee ſhorteſt, which is in a 
certaineParalle!, betweene that Tropic, and the AZqui- 

noGtiall : the declination whereof is thus fonnd out. 


As the tangent of the complement of the Pole, 

is ro the Sie thereef : 

So is the tangent of 9 degrees, 

to the Sine of the declination of the ParalleP, 
in Which the Sunne maketh the ſeorteſÞ (re- 


Sy paſculnny of the Whole jeare, 


23 Bur. 
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23 But before the Crepnſculum come to bee ſborteſt, 


there is another Parallel, in which the Crepuſculum is 
equall to that in the AquinoCtiall : the declination wher- 
of is thus found our. | 


As the Radirne 

isto the Sine of the altitude of the Pole : 

So is the Swe of 18 degrees 

rothe Sine of declination of the Paralel 
in Which the Sunne maketh the T wilsgbe 
equal to that in the Equinottiall. 


24. If an Arch of the Ecliptic, be equal 
to his Right aſcenſion, one end thereof 
beeing knowne, to find out the 
other end, Say, 


As the Sine of the Compl. of the declination 
of the arch ginen. 

is to the Radins : 

ſo is the Sine of the compl. of the greatef 
declination, 

tothe Sinc of the compl. of the other and, 


25. To find the poynr of one quadrant of the 


Ecliptic, wherein the dsfference of longs- 
indes ceaſe to be greater, then the differences 


of the right aſcenſions. 


Muttiply the Sine of the complement of the greateſt 


declination, by the Radins, and ont of the product ex- 
traQt the quadrat roet : the ſame ſhall bee the Sine of the 
complement of the declination ſought for. 


L 3 26. To 
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26, To find the quantitic of the angles , 
which the: circles of the 12 Howſes 
wake with the Meridian, Say 


As the Radins 
' istothe Tang. of 60 aegr.for the 11 *, gh, 5th » 
and third howers, or to the Tang. of 30 deg- 
for the 12>, 8h, 6%, and ſecond howlſes ; 
{o is the Sine of the complement of the Pole, 
rv the _— the compl, of any howſe with the 


And note that on the Eaſterne part of the vpper hemi- 
ſpbzre, there arc three circles of Howſes, the Horoſcope, 
which is alſo the horizon, and next to that is the circle 
of the 12 Howſe , then the circle of the 11% Howſe. 
On the Weſterne part alſo, are three circles of Howſes, 
the circle of the 5 Hoewſe, which alſo 1s the Horizon, 
and next thereto the circle of the 8'® Howſe, then the cir- 
cle of the g'% Hewſe, But the circle of the 10h Howſe, is 
the very vpper Meridian it (elfe.Contrary Howſes arc 1 and 
7, 3,and8;3andg: 4 and 10 ; 5 and 11: 6and 12. 


27. Reſolue the whole time from the Noone laſt 
paſt inco degrees (by multiplying the howers with their 
decimallt parts by T'5, according to Seat: 1) which adde 
vnto the right Aſcenſion of the Sunne : and you ſhall 
haue the right aſcenſion of the point of the Zquaror in 
the vpper Meridian, which is called the Rsght aſcenſion of 
CAMedinum cali. L 


28. Adde 99 degrees to the Right aſcenſion of Med. 
Celi: and it ſhall be the degree of the «Equator then rijmg 
®pon the Eaſt Horizon, 


: 29. It 
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29. If the frff quadrant of the Equator doe ari[s, the 
beginning of y is diſtant from the meridian Eaftward, 
ſo muchas is the diſtance of the Right aſcenſion of Med, 
ceN, from 360. Butif the ſecond quaaraent of the /Equatoy 
dre ariſe, the beginning of yy, is diſtant from the Meridian 
Weſtward,{1 muchas 1s the diſtance of g,from the Right 
aſcenſion of Med.cali. 


q 
C 
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And in both of them the lower angles of the Eclip- 
tick with the Meridian ,. on the Eaſt fide is obtuſe, and 
on the Weſt fide acute : and the goth degree of the 
Ecliptick, commonly called noageſimms gradss, is onthe 


Eaſt part. 


30» If the third quadrant of the /Equator doe ariſe, the 
beginning of =: is diſtant from rhe Meridian Eaſtward, 
ſo muchas is the diſtance of the Right aſcenſion of Med, 
cls from 180. But it the forth quadrant of the « Aquator 
dee ariſe, the beginning of =, is diſtant from the Meridi- 
an Weſtward, ſo muchas is the diſtance of x80, from the 
Right aſcenſion of Med. cali, 


_" OFT SorT ASS TY en, b ioge 4 y: 


And in both of them the lower angle of the Ecliptick 
with the Meridian, on the Eaſt ſide 18 acute, and on the 
Weſt ſide obtuſe : and on the goth degree is on the 


Weſt part. 


| 21. The point of tho Ecliptick, culminant in the Me- 
ridian , which is called Medium cxli, or Cor cali, and is 
the c»/p#2 of the 1c bowſe, may be found by Se. 5. 


33. The declination of the ſaid culminant point, may be 
found by SeR. 3. VVherefore alſo by aiding or fur» 


ducting that declination, to, or fiom the cleuation of the 
Aquator, 


A Lena. fs ee Kh. it 
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A&quator, (which is the com-letacne of the Pole) the 
Altitude of Med, cls m:y be had. 


33- The Angle of the Echiptick With the Meridian, may 


34- To finde the Altitude of the go 
degr. Or the Angleof the Echptiokh with 
the hors%on, Hh 


As the Radine 

is to the Sine of the compl. of the altirnde of 
Med:cals, 

So is the Sine of the 4»g/e of the Ecliprick with 
the Meriasan, 

to the Sine of the coinpl. of the angle ſought for. 


35- To finde the efzrwmith of 95 
; degr. which is alſo the Amplitude ortime 
X of the Aſcendent, or Horoſcopms. 


As the Radins, 

is to the Sine of the Altitade of Med. cali. 

So is the tang. of the Angle of the Ecliprick with 
the Meridian, 


to the rang. of the compl- of the diſtance of that 
Azzemith from the Meridian, 


36. To finde the Horoſcope , or A/- 
cendent degree of the Eehiprick,, Or the 


Cuſprs of the firſt houſe, 


The Diſtance of the Azumith of 90 degrees from 
the Meridian , is cquall to the Amplitude 'ortiue of the 


| Alcendent degree. Wherefore the Aſcendent degree 


of 
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of the Ecliptic, may cheace bee tound, by Se: 8, or 9. 
Or clic thus 


| As the Radics © 

isto the Sine of the complement of the angle 
of the Echptic With the Meridian : 

So is the tang. of the complement of the 
altirnae of Hed. C24, | 

to the tangent of the diſtance of Iled, cwls 
from the Aſcendent degree; 


37+ To find the parts of the angle of the Eclip. 
150 With the Meridian , S With an = 
perpendiculer to the Circle of any of the 
Howſas, y 
Asthe Radirs 
isto the Sinc of the compl. of the atirnde 
of Med. cats: 
ſo is the tangent of the circle of any Howe 
with the Meridian, ak 
to the tang : of the compl : of the par: of 
that a, Which i next the Meridian 


Then ſubdu& that part found oat of the whole Angle 
forthe remaining or latter part. 


| 8. To find the Dsffance of the cuſp 
| s any howſe, from , Med: — 4 


As the Sine of the compl. of the /atey pert of 
| the angle of the Echpric With the Meridian, 
| is to the Sine of the compl: of the former 
part of that angle : 
So isthe tang. of the «ltiende of Med: cels, 
rothe tang: of the diſtence of the cuſps of 
that Howſe ſought for. 
M 39. Fo 
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. 39; Tofind the «Altirnde of the Pale abour 
any of thi circles of the Howſes. 


Firſt. find out the. Angle which the circle of the 
Howſe propoſed maketh with the. Meridian, by SeR: 
23: Andthenſay. 


As the Radine 

is to the Sine of the wngle of the circle of the 
Howſe with the Meridian ; 

So 18. the Sine of the height of the Pole 4- 
bone the Horizon of the place, 

to the Sihe of the height of the Pole abone 


that circle of poſition. 


46+ The longitade, and Latitwds of any fired 
Starre being given, to find out the 
Right aſcenſion, and Declination there« 
ot. - \ 


' The angle which the Circle of the Sunnes longitude 
maketh with the Meridiav, at the Pole of the Ecliptic, 
I call the eAng/e of longitnde. 


And the which the Circle-of the Sunnes Right 
aſccafion, h with the Meridian at tbe Pole of the 
world, I callthe Anugh of right Aſcenfiow, The conditi- 

en and quantitis of which two angles, is thuy-tound 
Outs - 


: 4 
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In Starres of the Northerne latitnde 


If the longitude be.ia the I quadrant of the Ecliptic : 
ſubduRit out of 90; the remaines will bee the avg/e of 
longitude, acute. And the Angle of Rightaſcenſion, be- 


. ing found,muſt be added vnro 270. 


Tf che longitude bee in the LI quadrant : ſubduRt go 
outof it: the remaines will bee the avgle of longitnae, 
acute. And the Angle of right aſcenſion being found 


muſt be takenout of 2790. 
If the longitude bes in the ITT quadrant : ſabdu4 go 


__ outof it, theremaines will be the angie of longitude, ob- 


tuſe. And the Angle of right aſcenſion being found, 
muſt be taken out of 270. 

if che longitade bee in the IITT quadrant, fabdud ic 
out of 964360: the remaines will bee the angle of longs- 
tude, obtuſe. And the Angle of right aſccaſion being 
found, muſt be added vato 270. 


In Starres of the Southerne latitude 


If the longitude be in the T quadrant, ſabdu& 270 out 
of it + 360 :. the remaines will be the angle of /ongitude, 
obtuſe. Aad the Angle of right aſcenſion being tound, 
muſt be taken out of go. 

If rhe longitude bee in the 11 2»adreve, ſubdudt ic 
out of 270 : the remaines will bee the «»g/e of longitude, 
obruſe. And che Angle of right aſcenſion being tound, 


muſt bee added to go, 


If 
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It che longitude be in the //7quadrant : ſubduRit out 
of 270; the remaines: will be the avg of longirnde, acute. 
And the Angleof right aiccnſion being tound , mult bee 
added to 90. | S. 


If the longitude be in the Z[77quadrant: SubduRt 250 
out of it ::the remaines wil be the ang/e of longitnde,acure. 
And the Angle of right aſcenſion bejng found ,, muſt bee 
ſubdued out of go « ;60. 


Then ſay, 


As the Rades, or totall Sine, 

istothe Sine of the complement, or exceſſe of 
the angle of longitude : 

So is the tang. of the compl. of the /atirnde, 

to the tang. of the firſt baſe. 


If the angle of longitude bee obtuſe; vnto the firft 

| baſetound, adde the greateſt ceclination deg. 235 : and 
the ſumme ſhall be the ſecond baſe ; and the angle of righe 
aſcenſion ſhall be acute. 


Bat if. the angle of longitude be acute ; out of the fir 
baſe ſabduR the greateſt declination : and the remaines 
ſhall be the ſecond baſe. And the angle of right aſcenſion 
ſhail be obtuſe. 


' Or elſe out of the greateſt declination of the Sun, . ſub. 
duct the firſt baſe; and the remaines ſhail be the ſecond baſe: 
and the angl- of rightaſcenſion ſhall be acute. 


$iy againe, 

© Asthe Sine of the ſecond baſe; 

is to the Sine of the firſ#baſe : 

So is the tang. of the angle of /ongitade, 

to the rang. of the angle of right a/ceafion, | 
; >, VVhence 


tn 
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VVhence by adding or ſubduting ag was. before dec 
livered in the conduions of thoſe angles, ſhall be giuen 
the Right aſcenſion of that Starre ſought for. | 


Laſtly fay 


As thetang. of the ſecond baſe, 

isto the Radins : IOC 

So is the Sine of the compl. or cxceſle of the 
angle of r4 ghe aſcenſion 

to the tang, of Declination, 


VVhere note that if the ſecond baſe exceede godegr: 
the declination found, ſhall not be of the ſame kinde, that 
the latiradeis, but in the contrary Hemiſphzre. 


$, 
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A Table ofthe Right Aſcenſions, and 


Declinarions, of 40 of che cheifeſt "AP 


Starres, Calculated for the yeare of 
| our Lord. 


_— 


Names of Starres 


hy. =P Declination fon mag 
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: \ſcen 
The Polar Starre 7* 478 2'7V 
Andromedacs girdle I2 32(33 48|V 
the former horne of Y 23 3817 37V 
the bright ſarre in the headofY | 26 g6jar 48/N 
the iawe of the Whale 41 03] 2 4 
Ines > wa—_ —_ —_—_—LC_——. | eee 
Meduſacsbead = 1 41 27139 35}1N 
the eye of the Bull } 64 colts 46[N 
the Goat-ſtarre - 72 44145 35;N 
the former ſhoulder of Orion 76 38| 4 55] 
the latter ſhoulder of Orion 84 o7| 7 18IN 
the diam 97 27116 13S 
the — Ir 108 o1}3z2 35]1N 
the lefler Dogge ſtarre 110 x7] 6 o6IN 
the lower head of It 111 oo[28 49 N 
the Cribb, or Manger 125 4j20. 523;N 
the heart of Hydra 1137 39] 7 10'S 
the beart of the Lion 1147 37|13 39] 
In the loynes of the Lion [163 54/22 261N 
_—_ tayle of the Lion 172 49116 33[V 
In the girdic of Virgo i389 32] 5 201N 
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Alior 


Names of Starres ha Aſcen. —_— ſwag: 


—— ——_— — — 


189? 3657 53 


Vindemiatrix 

Spica Virginis 
Ar@urus E567 
the Sourherne ballance' 


96 44' 9175 
56|21' .34|N 
217 56[I4- 32 


the N-rtherne ballance 
the bright ſtar in'the ſerpentsneck 
the heart of Scorpius 

the head of Hercules 

the head of Ophiucus 

bright ſtarre in the Harp 
bright ſtarre in the Vultur 
vpper horne of w 

the left hand of = 

the left ſhouloer of xv 

the mouth of Pegaſus 

the right ſhoulder of =» 
Fomahant 

Jnthe vpper wing of Pegaſus 


254 40[14 51 
259 41/12 52 


In the tip of the wing of Pegaſus 


two Starres being giuen , to finde their 
dsſtanc's. 


- If the Starres haue both the ſame longitude, differing 
cnely in latitude ; the difference of latitude, is thediſtance 


.of the ſtarres. 


And if they differ onely in longitude hauing the ſame 


latitude ; Say 


As the Radins, 
isto the Sine of hadfe the difference of longituds : 
So isthe Sine of the compl. of the latitude giuen, 
to the Sine of helfe the diſtance of the Starres, 


But if they differ both in longitude, and latitude, whe- 
thec the latitudes be both of the ſame kinde, or ene Nor- 
therne, and the other Southerne. Take the difference of 


-both the ſtarres, from the pole of the Ecliptick, roward 


which the ſtarre hauing the greater latitude is. And fay, 


' + Asthe targ. of the compl. of the /efſer diſtance 
from the pole, © 
is to the Radivs - 
'Sois theSine of the compl. or exceſſe of thr diffi» 
- "rence of longit 


to the tang. of the ff baſe. 


| Take this fr f64/e out of thegreater diſtance from the 


Pole, and the remaines ſhal be the /econdbaſe, Then lay, 


As the Sine of the compl. of the firſt baſe, 

istothe Sine of the compl. of the ſecond baſe : 

So is the Sine of the compl. of the {ſer 45ſtance 
from the pole, 

to the Sine of the compl. of the diſtance of the 

two Starres. 
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41. The longitude, and latitade of any | 
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If any man will rake paines to caicuare (by this laſt 
Rulc) the di{tances of ſome noted ftarrs of the firſt, ſe- 
con? and third magnitudes, round about the heauens, 
which are not. aboue 5, or 6 degrees, at the moſt , one 
from the other : and {hall keepe them written in his 


:booke : they may ſcrue asa Rule, or Inſtrument, whereby 


he may reaſonably eſtimate with bis eye,: thediſtance of 
any Planer, or Comet, or other apparition from a knows» 
en fixed ſtarre, not very farre remote : by comparing the 
diſtance which hee would. know with ſome of thoſe 
knowen diſtances which he ſhall find, cither to be equall, 
or elſe to hane ſome proportion thereto. 


42. The longitude, and latitude of any two 
(ries being gigen, to find their diſZance, 


The manner of the operation is the very ſame with 
the former, vnto which therefore I reterre the Reader : 
onely . will note, thatin the heauens,the longitude and la- 
titude is taken in reſpe& of the Eclipric, which being the 
way of the Sunne, all the ſtarrs in their pro>er motion, 
haue reference ynto it, as vnto their meaſure a'!:d rule, 
Burt inthe Earth the principall Circle isthe Equinottiall, 
diuiding 1t. into th: Northerne.,, and Southerne hemi- 
ſphzres. And therefore in the earth, the longitude, and 

latitude is reckoned by the Aquino-tiall. 

The diſtance of two... places vpon the Earth, being 
found in deg1ces, may bee conuerted into Enghſh miles, 
by taking 60 miles for cuery degree, anJ1one mile for c+ 
very minute, 


43- To find at What hover 4 fired ſtarre 
 commeth into the Meridian ary day. 


Secke the Right aſcenfion of the Sunne, for that day, 
by Se: 5 ; and ſubdut it ont of the Right aſccnhon 
N 


of. 
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—— ————— 


of the Starre. And reduce the degrees remaining into 
howers, by Se: x, The fume ſhall ſhew how long time 
from the Noone before, the ſame ſtarre ſhall come into 
the Meridian. 
Wherefore if at any time of the night, a Starr whoſe 
Right aſcenſion is knowne,be in the Meridian,the hower: 
_ of thenightis caſily found. 


44- The height of any knowne Starvre- 
 abouethe Hor: zon,being by any mcans. 
given, to find the bower of the night, 


% 


Firſt ſeeke out the hower of that ſtarrs comming, 
into the Mcridian the fame day, by SeR. 43- Againe 
ſeeke out the horary diſtance of that ſtarr from the 
Mcridian, according toSet: 19. Andthen if the ſtarr 
bee on the Eaſt fide, not yet come to the Meridian, take 
the difference of thoſe two numbers; but if the ſtarre 
beepaſtthe Mcridian, take the Summe of them, for the. 


- ' hourcof thenight. 


45- The height of the Pole being given to 


the commung of any fixed Starre, inthe 
due Eaft, or Weſt, Say 4 
As the Radins 


is tothe tang : of the fares declination : 

So is the tang : of the compl: of the Pole, 

to the Sine of the compl. of the Starres 
horary diftance from the Meridian, 


6. The height of the Pole being giuen, to 

nd the 4 tude of any fixed ftarr a 
bone the Horizon bring awe Eaſt or Weſt, 
Says | Es 
As 
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CO 


As the Sine of the &&5ghr of the Pole, 

is tothe Rad ; 

ſo is the Sine of the Starrs declination, 

to the Sine of the Altirnude,at due Eaſt or Weſt. 


47. By the eLltitndes of any two knowne 
fixed fravrs targn When they are both in the 

Same Azumith , to find the height of the 
Pole; 


Firſt ſay, 


As the Sine of the difference of the ftarrs altitudes, 

is to the Sine of the difference of their Right aſcenſcons ; 

ſos the fine of the neerer ſtarry diſtance from the 
apparent Pole, 

tothe Sine of an angle ro be kepr, 


Againe eompare the furtheſt ſtarrs diftance from the 


Pole with the diſtance from the Zenith, and fay 


As the Radins 
is tothe Sine of the compl. of the eLngle kepe + 

ſo isthe tatig: of rhe l&fſer of the compared arches, 
to the tang : of the firf baſe. . 


\ 


Subdu the firſf 5a/e out of the greater of the two 


ound arches; and the remaines ſhall bee the ſecond 
baſe. 


Then laſtly fay, 


As the Sine of thecomplement of the firſt b/c, 
isto the Sine of the compl. of the ſrcondbaſe : 
lo is the Sine of the compl. of the /eſ:r of 
the rwo compared avches 
tothc S.ne of the h:sg4r of the Pole, 
_ 43 To 
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48. To find out the horizontal Parabax 
ofthe Moone, ; 


Firſt the diſtance of the. Moone from the Center of 
the earth muſt be knowne in Semidiameters of the carrh; 
which vnto them that are acquainted with the Theorie 
of the Planets, is nor very dithcult. And whereof perad= 
venture, I may hereafter teach the praftiſe; by molt caſic 
and exact inſtruments, which 1 haue long ſince framed. 


Say, 


As the diftance of the Aſoone, from the 
cemer of theearth, 

is.to the Sewidiameter of the earth: 

So is the Rading, 

tothe Since of the Moores horizontal 
parallax in that diftance, 


49+. Thc horizontalt Parallax of the Moone 
being given, to find ber Parallax in any 
apparent altitude, 


As the Radine; on. = 

is to the Sine of 'the altitude of the Moone : © 
{6 is the Since of the borizgutall Paralax, 
tothe Sine of the Parakax in that altirude. 


50, The place of the Moone is the Ecliptic > 
hauing little or go latitude (as in the Eclipe - 


of the Sunne) together with her Parallax 
of attitude being giuen, to find the Paral. 
laxes of her longitnde, and latitude, 


If the Moone bee in the goth degree of the Ecliptic : 
thee bath no Parallax of longitude, and the Parallax of 
latitude, is the very Parallax in thataltitude, 


% 


But 
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But if the Moone be not inthe go deg. ſay, 


As the Radius 

is tothe tang, of the ang/e of the Ecliptick With 
the horizon : | 

So'is the Sine of the compl. of the diſtance of the 
Adoone, from the eAſcendent , or deſcenaent de- 
gree of the Eclytick, 

to the tang. of the compl. of the «gle of the 
Echiptick, with the Azzamith of the Moond, 


Againe ſay, * 
As the Radic ' | 
is tothe Sme of that angle : 


So1s the Parallax of the Moones altitud:, 
to the Parallax of ber latitude, 


Laftly ſay, 


AS the Radize * 

is tothe Sine of the compl. of that formes avgle : 
So is the Parallax of the Moones aliutude, 

to the Parallax of her longitude. 


which is to bee added tothe true motion of the Moone, if 
ſhe be on the Eaſt part of the goth Jegree of the Ecliptick, 
or to be ſubdued out of ir, it the be on the Well part. 


Many other eFſtronomicall 2nd Geographical problemes 
might be added. But becauſe ir 1s imp»flible to tet downe 
all, which may be of vſe, at ſome time or.cther : I hue 
in the next Chapter deliuered briefly the doftrine of 1r6- 
augles fitred vnto practiſe ; with ali the ſeucrall calcs be- 
longing thereto. 


N3- Citar, 


pt _—_ 


Of Trigonomerria, = Pagrl 


CHnap, XII. 


of Trigonometria, or the manner of calcu- 
lating both Plaine, and Sphzricall tri- 
angles. A4xd firſt concerning certaine ge- 

' nerall notions, and rules neceſſary thereto, 


| N cuery triangle both Plaine;and Spherical, 
Id be. the greater ſide ſubrendeth the greater angle. 
1 ke And the greater _ w_ the greater ſide 

bg oppoſite vnto It, the greater angle ly- 
SY ch tothe lefler ſide, and the greater ſide 
hath thelefſer angle lying vnto its 


In every plaine triangle, any two angles being gigen, 
the third isalſo giuen : and one of the angles being ginen, 
the ſumame of both the other two is 'giuen.-- For all the 


three angles together, are equall to two right angles,that 
is to 180 degrees. 


Ina plaine reRangle triangle, one of the acute angles is 
the complement of the other. Where note that when 
rhe complement is named without any other addition, it 
is meant of thearch, which is wanting of a quadrant of 
that circle, or go degrees. In like manner the excefſe is 
meant of the arch, which isaboue a quadrant. But when 
it is ſaid the complement to a ſemicircle, it is vnderſtood 
of lo many degrees as will make vp 180. 


But in a Sphzricall reftangle triangle,one of the oblique 
angles is alwayes greater then the comwpl: of the other. 


If two arches together make vp a Semicircle, the ex- 


ceſſe of the greater arch, is cquall tothe complement of 
thelkfler. 


5 
WF | 
3 

7 
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The fame Right Sine, and the ſame Tangent, and Se« 
cant, doth belong borh to the arch ir ſelfe, and alſo to the 
complement of it to a Semicircle. But their verſed Sines 
differ : For the verſed Sine of an arch leſſe then a qua- 
drant, is equall to the difterence of the Radivs., and the 
Sine of the complement of that arch : and the verſed Sine 
of an arch greater then aquadranr,.is cquall tothe ſumme 
of them. And the verſed Sine is thus feund out, As the 
Radines is to the Sine of halfe the arch; ſo is the Sine of 
_ halfe arch, to halfe the verſed Sine of the whole 
arch. 


In a right angled triangle both Plaine, and Sphzricall, 
one of the ſides containing the right angles , is called the 
Baſe, and the other the Carhetus : and the fide ſubtending 
the right angle is the Hypotenuſa. And know that cucry 
rectangled triangle , is moſt fitly noted with the letters 
ABC; fothatB Amay be the Baſe, and CA the Cathe- 
tus, and BC the Hypotenuſa : and B the angle atthe baſe, 
- and © the angle at rhe Cathetus , and Athe righe angle, 
Likewile euery oblique-angled triangle with the letters 
BCD; ſo that out of the angle C a perpendicular C4, 
being let downe, it may inthe baſe ZD diſtinguiſh the 
twocaſes B A and DA, which are the baſes of the two 
particular triangles into which ir is cut. And in noting 
the triangles with letters,obſcrue diligently, that if any 
angle be giuen together with one of the ſides including ir, 
the ſame angle be noted with Z ; and the ſide xyith BC, 


If both the angles at the Baſe BD beacute,the perpendi- 
cular CA (hal fall withinthe triangle: And BD=B8 A+D A 
that is BD'is equall to the ſumme of BA and DA. And 
if the angle B be obtuſe, the perpendicular CA ſhall fall 
without the triangle , beyond the obtuſe angle B : Ard 
BD=DA—BA, that is BD is equall to the exceſſe of 
DA aboue B 4: or if the angle B. be obtuſe, the perpen- 


dicular C4: ſhall fall without the triangle beyond che 
obtute 
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obtuſe angle.D : And BD = BA—DA, thatis BD is 
equall to the excefle of BA aboue DA, The lefler cate 
being ſtilleaken trom the greater angle. 


And note thart this figne =, or p/(rhat is p/ws) fheweth 

that the magnitude before which it 48 ſer, isafhrmed and 

- poſitine in nature ; and therefore to bee added. And that 

this ſigne — or #5 (that is. mins) ſhewcth the magni- 

tude before which ic is placed, is denied, and prinatiue in 

nature ; and therefore to be ſubftraſted, as you may ſee in 
thoſe former examples. 


 Againe, ſome magnitudesare taken ſeuerally and aparts 
ass BA, that is the Sine of the Baſe ; 4co BC, that is the 
Sine of the complement of the Hypotenuſa ; z B, that is 
the tangent of the angle ABC at the baſe; tcoC, or 
eco ABC, the rangent of the complement of the angle at 
the Cathetus : Soalſo /qZ, that is the quadrat fide of the 
plaine Z. And fome magnitudes are taken vninerſally 
andthen they are included in pricks: as 5 , DC4BD—BC a 
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that 15 the Sine of halfe the arch , which is compo! &d of 
the fumme of the two arches DC and BD, abating there- 


ſide of the two plaines-Z and X put rogether: alſo /q : 
Qin. Rt: Or /q: LR: that is thequadrat ſide of a 
reAangular plaine , the two fides whereof are the lines 
2 and R,or ſome fourth proportionall already foun1,and 
the Radire , or Semidiameter , which is the totall Sine. 
For by the ſigne in,or »,I vic to exprefſe multiplication. 


W hen any triangle is giuento be reſolued by Trigono- 
metrie,, note the parts thercot (cither ſides or anglcs) 
which are giuen and knowne , with a little line drawne 
croſle each ſuch part : and note the ynknowne part which 
is ſought for with alittle circle. 


And 


out the arch BC. So alſo/q: Z « X: that is the quadrat | 
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Andif a triangle Spharicall (bee it righr angled or ob» 
lique-anglcd) prepoſcd hath two fides each of them ſe- 
uerally greater then a quadrant: you ſhall in refoluing 
thereof, keepethe leaſt lide with the leaſt angle oppoſed 
to it : and for the two other both ſides, and angles, take 
the complements of them toa ſemicircle. 


Laſtly, if a triangle with all the three angles giuen, be 
required to be conuerted into a triangle hauing the three 
| ſides giuen. You ſhall for the greateſt angle of the tri- 
F angle propoſed, & for the greateſt fide tubrending it, take 
| the complements toa ſemicircle; keeping the other two 
| lefer angles, with rheir ſubtendenc ſides as they are. 
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HE CALCVLATION OF PLAINE © 


right- angled-iriangles. 
& 
B aprrrnaey””? 


BC, BA :: R , 4B (5C) «- 


BA. 


C 


B A 


CA :: R ,7tB (rcoC): 


Of plaine Oblique-anglcd triangles» 


B 


i1Be DC 3: 


and here ic is necefſary to be knowne , whether the angle 
ſought for be greatcr,or lets thena right anglezor go Gp. 
Furſt - 


C C e | 
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iD . BC :: -C ., BD. 
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_ Firſt ſeek theangle Dyby the 11T ;then both the angles 
Band D being ſubdued out ot 180 , you ſhall hauc 
1899 —B—D=C « 


Firſt ſceke the angle D, by the T'T; then both the 
anglcs B and D being (ubJucted our of 180, Say 


| 8B . DC ;; - ; 180—B—D , BD + 


Tet the fide BD be greater then the ſide RC: 
Firſt, BL 4+ BC . BD—BCZE :; r5180—B, iQ. 
then forthe other rwo arigies : 
+ Q_.. the _— 30—Þ Qutheleffer, 


tf —B 
» 


C 
TIT. 


D 


C 


w} 


E 
PI. 


B 
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Let the file BD be greater then the ſide BC : 
Firſt, the angles C and D are to be ſought , by the VI. 
and the ſide DC, by the LIL. 


FVIIL . 


=» 

Take the greateſt ſide BD forthe baſe : and let the fide 
BC, be greater then the fide DC . Firſt ſay, 
BD . BC+DC ::; BC—DC. Q(vaBD—2DA) c 
then BD4Q__ BA , BD—=Q_DA. 


4 
. N-xtly ſecke the angles B and D, by the III : 
Laſtly 1890—B—D=C ., 


a 
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THE CALCVLATION OF 
Spharicall right-angled, and quadrantall 
triangles. 


n * & i« eh 5 a6 
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Tz 
B #.....* = 


J 


R' 5 5B 22 200BA 5 v00CA''s 
y— 


Nt. 


B A 
» #60BA 2; 2coCA { 7ceBCs 
O;3 — 7. 
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R ; BA :: #B «< 8CA; 
R ., 2coB 33 tCA , 1$BA. 


R . 5BA :3 teoCA .tB , 
y | 
Y, 
B a 
R . 2eoB 23 #BC {; eBA 7 
-R . p3coBC :4 r BA . 2ceB , | 
R . 4c0B :: IcoBA . tceBC. 
C 
FT. 


B A 
R , :coBC 2: 4B «tC 5 
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Tf a triangle BOD be quadranrall, having one fide BC 

equall ro a quadrant ; vypon the pole D defcr b. anarch of 

| a greatcircl> CA, cutting the ſide DB <xtendedin A: 
| and ſo mokinga right-angled triangle ABC without the 
| other. This outward right-arglcd triangic ſhal: be reſol- 
; ued in ſtecd of the quadrancall propuſcd. 


Of Spharicall Oblique-anzled triangles. 


| C C C 
\/" \ 
B D B D B D 


jB; DC 32 8D o BC et: Cu olDc: 


and in theſe it is neccflary to bee knowne whether the 
terme ſought for be greater then a quadrant, or not. 1he 
| famc alſo 18 to be kniwat in the tenne rules next follow= 
| ing, if-the fides BC and DC arc both giuen, 


YO PEN RT 7 Ae 2-0 


Firſt, 


Re, C. .C 


1 p 


A 


Firſt, R'-. "5c0B :: ?zBC , tBA. 
ther, 5s coBA «. 4coDA :: 460BC , 2coDC. 


; Firſt, R , gcoB":: #BC . 2BA. 
 .then 4DA . BA :: eB 7D . 


X17. 


Firſt, R Þ; £coB 2: 8BC | #BA 


% 


then, 5coBC . SW0DC 1: 260BA . rc0DA Z 
Firſt, 


204 Of Spherical obleque-angled trian gies. ParTh | 


We Et 


Re Ci ST ENG 


Ln a bets nts a 


+,.4 


PEST" "IT 


Parr. Of Sphericall obliqne-angled tris 6 FT 


—_ 
—_ 
. 


POE” II FRO 


——— 


ToO3 
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Firſt, R ., ,£coB :: eBC . BA < 
then, :D . 2B :: BA. sDA , 


Firſt, R . 4c0BC 32: 8&B « 2coBCA & 
then, 5coDCA . sc0BCA :: tBC , eDC: 


C : (+ 


Ss _ 


I A'S & D B D. 


Firſt, R ; © 2BC if #3" reaBCA 5, 
then, BCA , #DCA :: 5c0B . 20D, 
$0260 pad Fir®; 


x1, 


Firſt, R 5; $c0BC :: eB » tceBCA , 
then, *8DC « #BC ;:- 4ceBCA . sroDCA . 


7: I» & 
XP 1. 
Firſt, R . 4c0ZC :;: 2B . reoBCA .. 
then, $60B , 5 c0D :: sBCA ., DCA «. 
230 | N 
HUE. 
B D - 


Firſt,” R' . (BD ':: BC . QI . 
then, Qt 15; DC4BD—BC :; 8:DC4BC—BD , QIT: 
3 23 / 
See what QUT eurteth in the fifr circle » which is of 


Ldiujfions ; and thereto adde the Radive , by ſetting 
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Pagt [ Of Sphericall obleque-angled triangle q = = 


I before that number. Diuide the whole into two equall 
parcs: and reckoning one balfe in thar fift circle, ſet the 
Index to it, and it ſhall in the firſt circle cut the Sine of 
halfeche angle B. | : 


E 
X/1IL, 
B D 


If all the three angles be ginen : cotmert the trian 
into another hauing all the three ſides giuca: and reſolue 
the tame for the triangle propoſed . 
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Cn'aP, X11. 
Of the NoQurnall Dials, 


PAR Here are in the Inftrument;, two feuerall 
IV NoAturnall Dyals, The innermoſt of them is 
D- firted to the itarre in the rump of the great: 
@7J Bcarc, commonly called Alot. The other. 
PEE Þ is compoſed of 1:2 ſeucrall ſtarres :: whole. 
names you ſhall finde written withingnecre to the center. 
The outermoſt circle of the NoQurnall Dyall is diuj« 
ded into twiſe 12 houres : cach houre being ſubdiuided 
into quarters, and arenoted with figures belonging.co the 
houres,as'tmay be ſecne in the Inſtrument. . ; 
The middlemoſt cirtlte of the Noqurnalt is dinided'ins: 
to 12 moneths, hauing their names written: cachmonerth 
being diſtinguiſhed into tenth dayes with longer lines ; 
and into fifr dayes with ſhorter lines. And if the Inſtru- 
ment be large encugh,cach day of the monethes through-- 
out the yeare, may be noted with pricks. | 


In the innermoſt circle are the diuifions and names of. 
I2 fixcd ſtarres : whichare theſe, 


The right ſtar in the bead of ye, | Spica Virginis' | 


the Bulls eye the North ballance 
the latter ſhoulder of Orion. the head of Ophiuchus 
the little dogge the heart of the Vultur | 
the heart of the Lyon | the mouth of Pegaſus 
the tayle of the Lyon © [| thetip of the wing of Pegaſus... 
Ts finde ont the honre of the night 
by Aliot. 


Szeke the day of the meneth inthe annuall circle of the 
NoQurnall : 'and apply the Index thereto : marke what” 
houre it-.cutteth, .in the houre circle, mes how 
Li &- 


At. 
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houre for all that day : then at night whea you would 
finde oat the houre ,- hold vp your Inftrument by the 
haiidle y and moue it vþ and downe, till you (ce the pole- 
ttarre through the middle hole, andthe ſtarre called A/zoe 
by-thelimbve : Sc the Ind: x or lavelkto Azzor, and marke 
what houre the labell cut. th, for if vnto this houre you 
adde the-houre-keprt in minde tar that day, the ſumme of 
both ſhall giue you the-crue houre of the night : fo chat 
you caſt out 12-houres- from the faid ſumme if it ſhall- 
chance to be more. 

Example. It on the 15 *® of Nouember you would find 
the-houre of thenight by che ſtarre Ahor. Apply the in- 
dcxtothe day of the moyeth, and it will cut in the houre 
circle 8 and an balfe: then ſuppoſethe Index being fetto 
the ftarre Alot , as abouc taught, doth cut in the houre 
circle 10. theſe twonumbers being added together, the 
ſumme wil be 18; , out of which-ſubduR r2; and the re- 
maines 6%, will-be the true houre of the night. - 


To finde out the houre of. the night by the - 
, Inner Nocturnall Dyall. 


To performe this it is neceſſary that'you know the 
true Meridian of the place wherein you are, and can finde 
it out by night, which you may thus doe. Haning a Me- 
ridian line drawae in ſome window, or other conuenient 
place (as is ſhewed in the Second pirt of this booke, 
Vſe 19) ſtick vp therein a long needle perpendicularly,and 
watch till the Sunne caſteth the ſhadow of the needle, vp- 
on the Meridian line. Or elſe in a true Sunne' Dyall ob- 
ſerue when the ſhadow falls inſt on 1 2 a clock, for thcn is 
the Sunne inthe Meridian. Wherefore goc inſtantly into 
ſome place about your houſe where-you may ſee ſome 
marke, either a chimney, or the corner of an houfe, or <lſe 
ſome tree , or ſuch like , directly berweene you and the 
Sunne ; then haue you the true Meridian.: | 
P 23>. : Or 
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Or otherwiſe you may ina cleare night goe into ſome 
plaine place neere your houſe, and ſetting vp a ſtraight 
pole perpendicularly on the ground, goe a good diſtance 
from it Southwards; and then moue vp and downe, tull 
you ſce the top of your pole, direAly betweene youreye, 
and the North polar ftarre : then ict vp another pole per- 
pendicularly betweene your teet,ſo chat both your poles, 
and the Polar ſtarre, may be in one right line. And then 
going backeagaineto your firſt pole, looke what knowne 
ſtarce is directly ouer your _ » for that ſtarre is in 
the Meridian. You may therefore inſtantly goe to ſome 
conuenient place , and takea marke whereby you may at 
a/l times know the Meridian as is aforc taught. 


When therefore at any time of the night you would 
know what a clocke it is , goe to that place where you 
ſtood, and looking direAly ouer your maik-, ſee it any of 
the 13 fixed ſtarres, bee in the Meridian; or if none of 
them be therein , obſerue which two of them are on ei- 
ther ſide thereof, and what part of that ſpace is in the 
Meridian. Then goe into the light, and take your inſtru- 
ment, and ſct the | tothat ſtarre, or point which you 
ſaw in the Meridian : marke what houre itcutteth, for 
that lame houre being added to the houre, which the day 
of the moneth ſheweth, ſhall giue you the true houre of 
thenight : ſo that you caſt out 12 houres, trom the ſaid 
ſumme, if it (hall chance to be more. 


Example. Suppoſe the fifth of December , that the 
middle point of the ſpace berweene the bright ſtarre in 
the head of Aries, nite Bulls eye, bee in the Meridia. 
Set the [ndex to the middle point of the ſpace betwecne 
thoſe two ſtarres inthe Inſtrument : and itwill cut m the 
houre circle 2 and an halfe : then againe ſet the Index to 
the fifthof December,and inthe houre circle jt wil cut 7: 
whic 
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which added vnto 2 and an halfe » giucth g and aa halfc, 
for the true houre of the night. 


Another example. Suppoſe the 19g of D:cember,that 
one third part of the ſpace betweene th: Bulls epe, and the 
right ſhoulder of Orion, be in the Meridian. Set the Index 
to one third part of that ſpace in the Inſtrument ; and ir 
will cut in the houre circle 4 and halfe a quarter almoſt : 
againe, ſet the Index to the 19S of Decemb:r , audin the 
hourecarcle it will cu: 6, which being added varo 4, and 
halfe a quarter almoſt , giueth 20 and almoſt halfe a quar- 
ter for the houre of thenight. 


—_— 
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OF THIS BOOKE. 


ERL_ 


Shewing the vſe of the Second ſide of the 
Inſtrument, for the working of moſt queſti- 
ons, which may be performed by the Globe : 
And the declination of Dyals , wp0# any 
kinae of Plaint, 


EC. Pon the ſecond fide of the Taſtrument, is celi- 
<8 neatcd the proieftion of the vpper Hews/phere 
Sh vponthe plaine of the Horizon : The Hora) 

aFYy it ſelfe is vnderſtood to bee the inacrmoſt 
ES circle of the limbe : and is dinided on both 
ſides, from the points of Esft, and Weſt into degrees, no- 
ted wich 10, 30,30, &Cc. ynto go. And the center of the 
Inſtrument is the Zemth, or Vertical point. 

Withinthe Horizon, the middle ſtraight line, or Dia- 
meter pointing North and Southgis the 44eriaian,or 13 a 
clock line : andthe other ſhortarching lines;0n both {ies 
_ of itarethe howre /ines diſtinguiſhed accordingly by their 

6-7 figurefe 


i. 


114 


The Deſcription of the 


figures. Theſe boure lines ſhould indeede bce drawne 
through the whole plaine , croſſing one another in the 
Pole of the world : but that the Inſtrument may be more 
faire, they are onely drawne ſhort. 


And'becauſe divers excellent vſcs , doe require the to- 
tall delineation of the houre circles, I haue ina ſeuerall pas 
per, inſcribed intirely, both the houre lines, and alſo two 
other circles berweene them, containing euery one fiuc 
degrees. (But if the Inftrument werelarge enough to re- 
ceiue them, it were beſt if euery degree had his circle : 
and ſo-euery x5 circle ſhonld bec,an hourc line.) And of 
the parallels, there needesno more, butthe'&quinoRial, 
and both the Tropics. 


For asmuch as there will be great vſe of this paper In- 
ſtrument; I haue in the 24 Vie ſhewed the manner of 
makingir : ſo that any that 12 ingenuous,and ready handed 
may himſclfe delineate one ſufficient enough to ferue his 
rurne, for any elcuation. 


The two arches which crcfle the houre lines meeting 
on both fidcs in the points of interſe&tion of the (xe a 
clock: lines with the Horizon , are the 1ws Semicircles of 
the Ecliptick, or Annuall circle of the Sunne : the ypper 
of which arches ſerueth for the Summer halfe yeare, and 
the lower for the Winter halfe yeare : and are therefore 
diuidedin 36 dayes: which arc alfo diſtinguiſhed into 
12 moneths with longer lines , hauing their names ſer 
downe : and into tenthes, atid fifthes with ſhorter lines : 
21d the reſt of the dayes with pricks: as may plainly bee 
ſcenc in the Inſtrument, | 


And this is for the ready finding out of the place of the 
Sanne cuery day : and alſo for ſhewing of the Swnnes 
Jearely motion : becauſe by this motion the Sunne gocth 
roune about the heauens inthe compaſle of a yeare,make» 
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ing che fowre parts,or ſeaſons tHcreot. Namely the Spring, 
in that quarter of the _— which beginnerh at the 
interſe&tion on the Welt:fide of the Inſtrument, and is 
therefore called the Yernall interſeftion. Then the Sum- 
wer in that quarter of the Ecliptick- which beginneth 
with the interſeion of the Meridian in the higheſt point 
next the Zenith, And after that Awtzmne in that quar- 
ter of the Ecliptick, which beginneth at the interſection 
on the Eaſt ſide of the Infirument, and is therefore cal- 
led the Antunnall interſeftion. And laſtly , the Winter in 
that quarter of the Ecliptick, which beginneth at the in- 
terieRion with the Meridian, in the loweſt point next 
the Horizon. 


But beſides this yearely motion, the Sunne hath a Ds- 
wrnall or dayly motion , whereby it maketh day and night 
with all the diuerſities, and inequalities thereof: which 
is expreſſed by thoſe other circles. drawne crofle the 
houre lines: the mi.idlemoſt whereof being groſſer then 
the reſt, meeting with the a2 rang in the points of the 
Vernal, and Antumnall interſettions, is the &/EquinoBliall : 
and the reſt on both ſides of ir, are called the Paralels, or 
Diurnall arches of the Sunne : the two outermoſt where- 
ef are the Tropics, becauſe in chem the Sunne hath his 
furtheſt digrefſion, or Declination from the XquinoQi- 
all, which 1s degrees 23; : and thence beginneth againe 
to returne- to the Aquinoftiall. The vpper ot the two 
Tropics next the center (in this our Northerne Hemi- 
ſphzre) is the Tropickof Cancer ; and the Sunne being in 
it , is higheſt into the North , making the longeſt day of 
Summer. And the lower nex: the Horizon, is called the 
T ropick of Capricorne ; and the Sunne beingin it, is loweſt 
into the South, making the ſhorteſt day of Winter. 


|  Betweene the two Tropics , and the Aquinodti_ 
all infinite ſuch parale! circles are ynderſtoode to beg 
* 2 3 contained , 
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contained : for the Sunne is - what point ſocuer of the 
Ecliptick ir is caried, deſcribeth by his lation, a circle pa- 
raliel to the AquinoRial. Yer thole parallels which are in 
the Inſtrument ,.. though drawne but to euery iccondde. 
gree of Declination, may be ſuihictent to dire the eye, in 
imagining and. tracing out, -thiough euery day of the 


whole yeare in the Ecliptick, a proper circle, which may 
be the Diarnall arch of the Swnne for that day. For vpon 
the right eſtimation of that imaginary parallel , doth the 
manifold vie of this Inſtramene eſpecially rely : becauſe 
the true place of the Sunn, all that day, is in ſome part or 
point of that circle. Wherefore forthe better concet- 
uing, and bearing in minde thereof, cuery fift parallel, . is 
hcrem made a little grofler then the reſt, 


I Vie. And thus by the eye, and view 
only,to behold and comprehend the courſe 
of the Sunne, 6th for hs Annuall and 
Diurnall motion , .#%4y be the firſt w/e of 
thu Inſtrument. 


IL Vſe. To take the height of the Sun 


aboue the Hortzon. 


Set vp the piane, (which is therefore made fit for the: 
hole ar the center) perpendicular in tbe center :-and pur 
the Indices on both ſides, downe vpon the Meridian, that 
they with their waijght , may not ſway the Inſtrament 
any way as it hangeth : then with a threed put into the 
hoic aboue in the handle, hang it perpendicularly,bearing 
the edge toward the Sunne, that the pinne may calt-a ſha- 
dow, vpon the degrees in the limbe : for that degree 
which the ſhadow of the pinne cutteth in the limbe, 
is the height of the Sunne aboue the Horizon , at thac 


preſent, . 
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III. Vie. To find the Declination 
of the Sunne exery day. 


Looke the day of the moneth propoſed in theEclip- 
tic,and mar ke how many degrees the prick ſhewing thar 
day,is diſtant from the EquinoRiall, cither on the Sam- 
mer, or Winter fide, v*z North,or South. 


Example. 1. What will the Declination of the Sunne 
be,vpon the 11 day of Auguſt? Looke the 11th day 
of eAngs/t: andyou ſhall find it in the fixt Circle a. 
boue the AquinoRtall ; now becauſe cach Parallel, tzn- 
deth (5 hath beene ſaid before) tor 2 degrees, the Sunne 
ſhall that dey decline North-wards 12 degrees. 


Example. 1, What Declination hath the Sunne, yp- 
on the 24> day of arch ? Looke the 24% day of 
March, and you ſhall find it, berweene the ſecond, and 
third Northerne parallcis, as it were an halfe and one fife 
part more of that diſtance from the ſecond : reckon 
theretore 4 degrees for the two Circles, and one degree 
for the balfe ſpace :- fo ſhall the Sunnes declination bee 5 
degrees, and about one fift part of a degree Northward, 


that ſame day» 


Example, ITT. What Declination hath the Sunne 
vpon the 13 day of Nowember ? Looke th: 13%day of 


Nowember, and you ſhall find it below the Equino&ial!, 


tenne parallels and about one quarter, which 1s 20 de- 
grees, and an halfe South-wards. ' So mach is the Decli- 
nation, And according to theſe cxawples inige of all 


the reſt, | 
Il. Vie. To find the Rightaſe 5 
cenſion of the Sunne every day. - 


Imagine an hower line through the cay of the | 


moneth giuen,and marke in what point it will &r iſe the 
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EquinoRiall : thealay @ Ruler , or a ſtreight Scroule 
| of paper, tothe Pole of the world (noted inthe Inſtru- 
| ment with P) and that ſame point. For the Ruler 
ſhall in the innermoſt Circle of the limbe, of the South 
fide, cut the Right aſcenſion of the Sunne for that day, 
to be reckoned from the Welt,ro the point of interſeRi- 
on, for the firſt, or vpper Semicircle of the :cliptic : or 
from the Eaſt together with 1 80, for the ſecond, or low- 
er Semicircle of the Ecliptic. 


V. Vſe, To findthe longitude of 
the Sunne, or in what degree of the 
Signe he # euery day, 


The Pole of the firſt Semicircle of the Ecliptic isno- 
ted PI, andthe Pole of the ſecond Semicircle is noted 
P I I. laya Ruler, or aſtreight Scroule of paper, tothe 
day of the moneth, and the proper Pole of the Semicir- 
de ef the Ecliptic, in which itis : tor the Ruler ſhall in 
the innermoſt Circle of the limbe, on the South ſide, cur 
the degree of the Sunnes place in the Ecliptic, reckoning 
it in the ſame manner as you did in finding the Sunnes 
Right aſcenſion : and the- Arch thas found is called the 
longitude of the Sunne. which may bec expanſcd into 
ſignes, by reckoning on the limbe, from the Weſt to 
South Y;v, xr, and trom South ro Eaſt g, A, :then 
backeagaine from Eaſt to South =, m, 7 ; and laſtly from 
South to Weſt yp zz, X allowing 30 degrees, for each 
of thoſe twelue lignes, 


V I. Vie. To find the Diurnall Arch, 


or Circle of the Snanes courſe enery 
ay, 


The Sunne every day by his motion (as hath beene 
ſaid) deſcribeth a Circle parallell to the Zquinodtiall, 
whichis either one of the Circles inthe Inſtrument, vr 


ſome 
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ſome-where betweene two of them. Firſt then ſeeke 
the day of the moneth; and if it fall vpon one of thoſe 
Paral'els, that is the Circle of the Sunnes courſe that 
ſame day : Bu: if itfall berweene any two of thoſe Pa. 
rallels, imagine in your minde, and eſtimate with your 
eyc, another Parallel through that point, betweene thoſe 
os Parallels, keeping ſtill the ſame diſtance from each 
them. 


As inthe firſt of the three former Examples, The cir. 


cle of the Sunnes courſe, vpon the 11 day of Auguſt, 
ſhall be the very fixt Parallel aboue the £AquinoGiall to- 
wards the Center. | | 

In Example II. The Circle of the Surn:s courſe vypon 
the 24* day of March, ſhall bee an imaginary Circle be- 
eweene the ſecond, and third Parallels, till keeping an 
halfe of thar ſpace, and one fift part more of the reſt 
from the ſecond. AY: 

In Example III. The Circle of the Sunnescourſevp- 


on the 13% day of Nowember, ſhall be an imaginary Cir- - 


cle, betweene the tenth, and eleanenth Parallels, below 
the £quinodtiall, till keeping one quarter of that ſpace 
from the tenths 

VII. Vſe. To find the Riſing and 

Setting of the Sunne every day. 


Seeke out (as was laſt ſhewed.) the imaginary Circle 
or Parallel of the Sunnes courſe, for thatday, and marke 
the point where it meeteth with the Horizon, both on 
the Eaſt and Weſt ſides thereof, for that isthe very point 
of the Sunnes riſing, and ſetting that ſameday, and the 
bower lines which are on both fides of it, by proportie- 
ning the diſtance reaſonably, according to 15 minuts, for 
the quarter of the hower, will ſew the hower of che 
Sunnes riſing, on the Eaſt fide, and the Sunnes ſetting on 
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V III. Vie. To know the reaſon, and 
manner, of the Increaſing, and De- 
creaſing of the dayes and nights 

' throughout the whole yeare, 


When the Sunne isin the XquinoRiall, it riſeth, and 
ſetteth at 6 a Clock, for in the inſtrument, rhe interſeRi- 
on of the Aquinoiall, and the Eclptic with the Hori- 
zon, is inthe 6aclock Circle on both fides. Bar if the 
Sunne bee out of the AquinoGtiall, declining toward the 
North, the interſeRions of the Parallel ot the Sunne 
with the Horizon,is betore 6 in rhe Morning, and after 
-6 in the Evening: and the diurnall Arch of the Sunne, 
greater then 13 howers ; and ſo much more great, the 
greater the Northerne Declination is. Againe if the Sun 
be declining toward the South, the interſcRions of the 
Parallel of the Sunne with the Horizon, is after 6 in the 
Morning, and before 6 in the Evening z and the diurnall 
Arch lefcrthen 12 howers; and by ſo muchicfler, the 
greater the Southerne Declination is. 


And in thoſe places of the Ecliptic in which the Sun 
.moſt ſpcedily changeth his Declination, the length alſo 
of theday is moſt altered, and where the Ecliptic gocth 
.moſt parallel to the Xquinotiall changing the Declina- 
pews little, the length of the day alto is bur little 
altered. 


Asfor example, when the Sunne is neere vnto the 
AquinoQRtiall, on both ſides, the dayes increaſc, and alſo 
decreaſe ſuddenly andapace: becauſe in thoſe places, the 
Ecliptic inclineth to the AquinoRtiall in a manner likea 
ſtreighe line, making ſenſible declination. Agi/nc when 
the Sunne is ncere his greateſt Declination , as in the 
;height of che Summer, and the depth of Winter, the 
dayes 
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daycs REECE [OIL #4 1202 mc, 4» ty wWcic at one tray, bee 
cau-e in thote places the Ecliptic 18 .iv a manncr parallel 
to the Zquinotal', icarce aitcrin; the declination : and 
becauſe 1n thoſe two times oft the yeare, the Sunne ſtan- 
deth as ir were (tii!, ar one declination ; they are called 
the Summer Soltice, and the Pinter Solſtice. And in the 
meane [paces, the neerer every place is co the ZquinoRis | 
ail,che greater 1s the diverlitic of dayes, | | 


W herefore we may. hereby plainely ſee, that the com- 
mon recciued opinton, that in every moneth, the dayes 
doe equally increaſe, 1serroneous. 

Alſo wee may ſee that in Parallels equally diſtant from 
the AquinoRial!, the day onthe one liae, is equall to the 
night on the other lide, 


IX. Vſe, To find the Aﬀſcenſionall 
difference of the Sunne every day. 


Secke out the-time of the Suns Riſing, or Setting that 
ſame day (by the V 11 Vſe) and ſee how much it d.fereth 
from ſixe a clcocke, then c »:uert the ſame difference into 
degrees (as was taught in 1 Part, Chap, 12. Se&.1.) by 
multiplying the howers with their decimall parts, by i 5. 
And fo haue you the Afcenſionali difference tor that day. 


X,. Vie. To find out theOblique 
aſcenſion of the Sunne every day. 


Seeke out the Sunres Ri, ht aſcenſion(by the TITTY ©) 
an1 che Afcenfi nall difference (by che 1X Vie <) in. if 
the S.rnc be in the firſt Semicircle of the Eci1,zi1c, Subs 
dud che Afce: flonall diff:reace, oat of thy ugh 2cin- 
fion ; Burif the Sunne be ia tne ſecond Iemicirel: of che 
Eclip:ic,itde the Afcenfionall dift. rence to the Right ate 
ccnion : and you ſhall hauethe oblique aiccuſion. 

X: Vie 


PR LEO TNET OoSa 


The Fſe of the Parr 1L. 


XI. Vſe. To find how farre the 
Sane riſeth , and ſetteth, from the 
gruc ” and Weſt points, which is 
called the Sunnes Amplitude or- 
tiue, 4nd occaliue.. h 


Sceke out (as was ſhewed in the VT. Vic )the imagina- 
ry Circle, or Parallel ot the Sunmes courſe, and the points 
of that Circle in the Horizon, on the Eaſt, and Weſt 
fides, cutteth the degree of the Amplitude Ortiue, and 
occaliucs | 


XII. Vſe. To find the length of 
every day and night. 


Double the hower of the Sunnes ſetting, and you ſhall' 
haue the length of the day ;. and double the hower of 
the Sunnes riſing, and you ſhall hauc the length of the 


"night. | 


X1II.Vie To find the trueplace of 
the Sunne,, 009 the Inſtrument , 
which anſwereth to the point, wherein 
the Surine ts in the heautns :. and ts. 
the gromnd of | all#he queſtions follow-- 

ing. 

Take with-your Inſtrument the height of the Sunne, 
and reckon it on the moucable Index; or Labell: and then 
moue the ſaid Label},rill you find the beight of the Sunne, 
exaQly tofall ypon.the Parallel of the Surine for that day, . 
on the Eaſtſide if jirt-bee im the: Fore-noone, and on' the. 
Welt fide, if it bee in the After-noone ; the point of in- 
rerſeRion, where the Index, or Labell croficth Ss 

el 
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true place of the Sunne onthe Inſtrument. 
XIII. Vſe. To find the Hower of the day, 


The trueplace of the Sunne on the Inſtrument ( "TO" 
out a$ was laſt ſhewed) ſheweth among the hower lines 
the true hower of the day. 


XV. Vic. To findowt the Azumith 
or yerticall Circle ex which the Sunne 
#, or the Horizomall diſtance of the 
Sunne from the Meridian, 


The Index or Labell faſtned at the Center, is a mouca- 
ble Azumith : apply therefore the edge thereof, vnto the 
true place of the- Sunne on the inſtrument (found out as - 
was ſhewed by XIII. Vic.) And marke what point of the 
Horizon, or Limbe,the ſame edge of the Labell cutteth; 
recken how many degrees of the H.rizon, are intercep- 
ted betweene that point, and the Meridian line, or South 
point, cicher on the Eaſt, or Weſt fide : and that Arch 
ſhali be the Horizontall diſtance ſorghe for, whereby is 
ſhewed the Azumich of the Sunne at that inſtant: and 
conſcquently the Angle which the verticall Circle, or A- 
zumith of the Sunne maketh with the Meridian. 


XVI. Vſe. The Azumith of the 
Sunne being knowne, to find ont the 
Altitude of the Sunne, and the 
Hower of theday. 


< 


Set the edge of the Labell tathe Azumith given, and 
macke in what point the ſame edge crofſeth the Paoralle| 
of the Sunne for that day: thar point of interſeRion , 

R a ſheweth 
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ſhewerh the height of the Sunne aboue the Hor120n, vp» 
on che Labell z and alſo u ſheweth the hower ot the day, 
among the howcr lines. 


XVII. Vſe. To findat what hower 
the Sunne commeth to be full Eaſt, 
or Welt every day in Su mmcr. 


Apply the edge of the Labell, vnto the Ezft, or Weſt 


oints of the Limbe, and marke in what point, the fad 
edge cutteth the Parallel of the'Sunne for that day, tor 
that ſame point among the hower lines, ſhall ſhew the 
time of the Suancs C.guning to be Full Eaſt, or Weſt 1n 
that day, and iike'vite of what altitude the Sunne will be 
abou?s the Hornizun, at that time, ef his being tuli Eaſt, 
or,\W.ſt.. 


XVI. Vſe. To find the heiglit of 
_. the Sunae.at high Noe cyery day,, 
aud likewiſe at every other hover... 
122082 16 208 tet off Dok nog 127; | 

Marke in whet pointthe Parallel of the Sunne for thaer: 
day, cutteth the line of. that hower,tor which you would 
know The Sunnes Aitizude ;- And vnto that point of inter«-- 
{eion, apply the edge of the moucable Labeil, or Inzex: 
and i hcrcon thallybuthnd, the verydcgree bf the Suancs « 
altiinde, at that hower, 

3y this-XV IL Vie, and'by the XVI, are made the 
Q :airants, deſcribed. by Gemma Frizim, MH nnſter , 
Clanm, Mr. Gunter, and others +. and alto all manner of 


_ Rings, © ylinders,& "immumerable.other topicall Inftiruments, 


for the finding our of the hower, and other like concluſi- 
ons. And likewiſe the reaſon, of finding the hower of 
the day, by a mans ſhadow, or by the ſhadow of any 
Gnomon, ſet vp perpendicuiar to the Horizon, or clic 
paialtel tort. -- -- TE OT Is 9, | | 
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| XIX.. Vſe. To find out the Meridian - 
: © line, and the pvints of the compaſlle 
without a Magneticall needle, yea nnre- 
. exadtly thenwnh a needle, © 


' Take'the height of the Sunne, by the ſhadow of the 


pinne: and apply the ſame height, reckoned on the Index, 
or Labcll to the parall:l of the Sunne for that day, where= 
by you hae, the. true place of the Sunne, inthe inſt; u- 
men!t,s hath beene ſhewed'in the XTIH.Vſe; Then kee- 
ping both the 'Labell ar that point, and the pinne vpright 
1n the Center, hols, or ſcrt your inftrument paralicl co the 
plaine of the Harizon, with the pinne toward the Sunne, 


ad. mzouc is. gently.till che ſhadow of the pinne (hall tall, - 
exactly vpen,the ficucihall edge of the Lavell. - Forthun - 


the Mcridian line ot the inſtrument, ſhall be in thetrue. 


Meridian of the place :-and the . foure quarters of the 117-- 


Kcument, ſhall looke into the foure cardinali points, of 


Eaſt, Weſt, North,, and South. - Wherefore if with a- 


bodkin, you make a prick at each end of the Meridian 
of your inſtrument-where.it.ſtandeth : and with a Ruler 


draw a line-rthrough theirs >the ſame ſhallbee the Me- 


ridian of that place. DE TOY SY 

This 1s a moſt exceilent praiſe, for finding* out the 
Meridian in any place, and is in an initant performed, and 
that eaſily. ! And hereby you may exainine the Variarion 


of the (,1 ompaſſe. Andalſo exxAly place any Sanne Dyal},- 


2» XX, Vie "onſubrations for th © 


-2- vic ofthe inftryment inthenight.” 7 a 


Ta ſuch queſtionsas concernethe night, or the time be»: 


fore Sun ruing,and after Sunne (etting,the in/trument re- 


preſenteth che lower Hemiſphzre,wherin the Southerne - 


as © 


I25. 


Polc is cleuated. And therefore the Parallels, which are 
aboue the &quinoRiall, ſhall bee for the Southerne, or 


Winter Paral.cls, and thoſe beneath the £quinoRigll, 


for the Northerne, or Summer parallels. And the Eaſt 
faall be accounted tor Welt, and the Weſt for Eaſt : and 
the North ſhall bee accounted for South, and che South 
for North : contrary to that which was before , when 
the Inſtrument repreſented the vpper Hemiſphezres. 


XXI. Vſce.Tofind how many de- 
grees the Sunne is vnder the Ho- 
rizon, atany time of the night. 


Secke the declination of the Sunne for the day p 


.ſed: andat the (ſame declination, on the contrary ide, 


imagine a Parallel for the Sunne that night: and marke 
what point of it jsin the very hower and minute propo- 
ſed : then ſet the Index,or Labell tothat point of the Pa- 
rallel, and it will ſhew you thereon the degree of the 


-Sunnesdepreflion ynder the Horizon. 


XXII. Vſe. To find out the length 
of the Crepuſculum , or Twilight 


enery day. 


Becauſe the queſtion concerncth the night time, you 


mult ſeeke out the Sunnes Parallel, for the night, on the 


other (ide of the &quinoQial!, hauing the ſame decding» 
tion with that which the day of the moneth fheweth : 
then moue about the Label), vatill the ſaid Parallel cut- 
teth the edge thereof in the 18% deg: on the Weſt fide 
for the Morning Twilight, and on the Eaſt ide for the 
Evening Twilight, of the ſame day. 

 Andnotethatin the height of Summer, the Twilighe 
in our Horizon , continucth all night long : becauſe 
| the 
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XX1III. Vſe. To find the Declina- 


tionof any Wall, or Plaine, 


Take a board having one ſtreight edge, and « line 
drawne dicalar vnto that edge :-apply the ſtreighe 
edge vnto the Wall,at whattime the Sunne ſhineth ther- 
on, holding the board parallel to the plaincot the Kori- 
zon : and hang vp athread witha plummet, ſothar che 
ſhadow of thethread may fall on the-boardgcrofling thar 
pe iculeriline. Then takeweich your Inſtrument the 

ight of the Sunne, and inſtantly maketwopricks, in 


the thadow of thethread on the board, a good way di- 


tant one from the other: and laying a Ruler to thoſe 
ewo pricks, draw aline, which lice ſhall be the Azumich 
of the Sunne, on. the board: againe with the height of 
rhe Sunne laſtly takey, ficzd our on your inſtrument, the 
Azumith of the Sunne.; or the Angle which the Sunnes 
Azumith makcth with the Meridian, (by the XV. Vſe.) 
And on the board taking the interſcRion of the ſhadow 
line with the perpendicular for the Center, deſeribe a 
Circle to the innermoſt Circle of the Limbe : 
(which you may caſily doe, if you.ſet one foot of your 
compaſſes vpon the Eaſt, or Welt point, andextend the 
other foot vnto 60 degrees, on the ſame innermoſt Cir- 
cle, for this diſtance 18 <quall to the Radixu thereof.) A- 
gaine with your » take of the Arch betweene 
the Azumith of your Inſtrument, and the Meridian, and 
ſ«tthat on the Circle of the board, that way that the true 
South is : and thr the end of that Arch meaſured on ' 
the board, draw a ſtreightline for the Meridian. Laſtly 
take with your compaſſes,the Arch intercepted between 
the Mcridianon the'board, and the perpendiculat line, 
and by applying it to the inmoſt Circle of the limbe, - 


fromthe Eaſt, or Weſt points ſce how many degrees it 
| con- 
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contaimeth : tor Thar-is the declination of the Wail Or 


el © you may tiad the Meridian vpon the board, by XX 


tc. » 33114 3 4* 2 7% GIBE4 OV —, * 32 Þ .Þ 
If the Angle of the: Meridian with the perpendicular, 


on the boarc, be aright Angle, the Wallis direR Eaſt, or 
Welt. : | 

Bur if the Meridian fall vpon the perpendicular, or 
be paralic] thereto making no Angle withir, the Wall is 
circt North, or South. 


XXII. Vſe. The Art of Dyalling, 
And firſt how to make the Init rument 
in paper, promiſed in the beginnms of 
thu ſecond part, ' | 


For the Delineation of this inſtrument in paper, it will 
bee neceflary firſt to ſhew the manner how the Scmidia- 
mctet is to bee graduated, or dividedinto degrees : and 
how. the Centers, and 'S:midiamerers , of ke ſcucrall 


- kinds of Arches are to be found. 


Vpon halte a ſheer of ſtrong large Datch paper, (the 
larger , the batter ) draw two ftreight lines, making a 
right Angle neere ore of the corners, the one through 
the length, and the other through the 2readth of the pa- 
per ; which two lines 1 rheretore call the longer, and the 
{}.orter perpendicular. | 

Vpcn the right Angle point, being the Center, with 
a Semtdiamerer equa'l to that by which you intend to de- 
lincate-your inſtrument, deſcribe a quadrant of a Circle : 
and on the point where it mcetcth with the ſhorter per- 
pendicular,drawa long tavg.ntline parallel to the longer 
pepencicular. 1 | | 

Divite the Quadrant 'in:o go degrees, among which 
from che begtining ar the ſhorter perpendicular, reckon 
the eleuatiou of the Pole, tor which you will wake yorr 
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inſtrument, and appiying a Ruler to the end thereof, and 
to the Center, where the Ruler cutterh the rangent line 
make a prick. And taking with your compaſles the gi. 
ſtance from the Center to that prick, meaſure i vpon the 
ſhorter perpendicular : this ſhall be the Semidiamerer of 
the fixt bower (,ircle. Atthe end thereof draw another 


long line parallel alſo to the longer perpendicular, 


Then out of the Center vnto the ſecond parallel 
through every degree of the quadrant,draw fine ſtreighr 
lines, cutting alſo che firſt Parallel. The interſeRion of 
thoſe lines with the firſt Parallel, ſhall ve The ſcale of cen- 
gers of Arches. And their interſetion with 'the ſecond 
Parallel ſhall be The ſcaleof centers of hower Circles, And 
the ſegments of thoſe lines, intercepted betweene the 
Center, and the firſt Parallel, ſhall be the Sewidiameters of 
Arches : and the whole lincs betweene the Center and 
the ſecond Paralle!, ſhall bee The Semvidiameters of hower 
Circles, And that you may know for what Circle, every 
Center, and Scmidiameter ſerueth, you ſhall note every 
fift line from the beginning, with the figures'5, x0, 15, 
20z &c. Set vnder the ſecond Parallel, ynto go which 
will fall ypon the longer perpendicular: that fo youmay 
readily find the Center, and Szmidiameter of any Circle 
required, | 


Againe divide the firſt 45 degrees of the Quadrant in 
the middeſt : and applying your Ruler to the Center,and 
to every one of thoſe halfe diviſions, where' in each 
place the Ruler cutteth- the firſt Parallel, or tangent live, 
make a prick. So ſhall you have vpon the tangear line 
betweene the ſhorter perpendicular and. the eaidicmoſt 
line 45, athird ſcale, which is, The ſcale of. go degrees, 
for the graduating of the Semidiameter of your inſtru» 


ment on the paper: Tn which you ſhall alſo diſtinguiſh ., 


every fift degree, with figures ſet vnder the rangem. lines 
Having thus preparcd your paper of ſcales with oy 
| S neatiy _ 
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neatly and exaRtly drawne, keepe it by youto hauc it ſill 
in a readinefle for the making; and viing of the Inſtru- 
ment.in paper. The making whereof is thus. 


Take with your compaſſes the Semidiameter of the 
aadrant in your paper of ſcales 3 and therewith vpon a 
of ſtrong Dutch paper, Deſcribe the Horizontall 
Circle : which you ſhall cut into two SemiCirclcs with a 
Meridian line drawne through the Center : divice theay 
into Quadrants inthe points of Eaſt,and Welt : and each 
Quadrant into go degrees to be marked with figures wſt 
asis done inthe Inſtrument. 


Then with your compaſles take the elcnation of the 
pole ypon the ſcale of degrees in your paper:& ſetit vpon 
the Meridian line from the Center which way you pleaſe: 
that ſhall bee the interſeion of the AquinoAiall with 
the Meridian. Alſo reckon the complement of the heighe 
of the Pole,.ypon-the ſcale of Centers of Arches, and 
with your compaſles take the diſtance from theend ther- 
of tothe Center : the ſame ſhall bee the Semidiameter 
of the XquinoCtiall, ro bee drawne from the Eaſt poinr 
of the Horizon through the point ef intcrſetion with 
the Mcridian ynto the Welt point, 


Apaine take with your compaſſes ypon the ſcale of de-= 
grees in your paper the complement of the height of the 
Pole :.and fet. it ypon the Meridian on the other ſide of 
the Center from. the | Aquinettiall : there fhall bee the 
Pole of ihe Eaquinodtisli, or ot the World, in which all 
the houre linesſhall;croffe one another. wt 


-iNextly vat6the height of the: Pole bothadde, andal- 


both thoſEArches in the ſcale, of degrees; and. lettbem 
in the Meridian fromthe Center, one talling beyond the 


«EquinoQtiaii, and the other ſhorrof it : thote ſhall be-the 


interſceRions of the two Tropics with the Meriduan.Scek 
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aiio by Sct 3 8, Chapt: 12 or the hirit parc, the Ampli= 


tude ortiue of the Sun, having 23 © degrees declination 2 


and reckon it being found, inthe Horizoncall Circle from 
the Eaſt and Welt points both wayes: tholc are the 
points of interſection of the Tropics with the Horzon 
on both fides ; and ſo having three points ineach Tropic, 
you mayeaſfily through them drawethe Circles, 


Moreover with your compaſles, take the diſtance be- 
tweene the Center and the ſecond Parallel in your paper, 
which is the Sceidiameter of the ({ixt houre Circle :- and 
ſer it on the Meridian from the Pole, beyond the & qui- 
nodiall : that ſhall be the Center of the ſix houre Circle: 
vpon which you may draw the ſame Circle, from the 
Eiſt pointof the Horizon through the Pole ro the Weſt 
point. Then through the center of the fixt houre Circle 
ere a line perpendicular to the Meridian extending it 
ir finitly on both ſides of the Meridian: and in that line 
both wayes, pricke downe the Centers of the horary 
Circles , our of the ſcale in paper: And laſlly opening 
your compaſſes from every one of thoſe Centers vnto 
the Pole ſeverally, deſcribe all the horary Circles, or at 
lcaſt every fitt of them, and ſois your paper inſtrument 
perfeAt/y finiſhed. | 


The ve of this inſtrament on paper is, that lines, and 
arches may bee defigned vpon it with & fine pennicell of 


| blacke lead, and afterward be wiped out againe. Where 


fore it will bee needfull for him that will vie this 1nſtru- 
ment, to all the purpoſes thereof, to get a good paire of 
large compfles with three points, one ſharpe, another 
for lnke, 4 third for blacke Lead, And | fuppole it would 
doeweli to faftin over your inſtrument a peice of thinne 
oyled paper, through which the linezments may be con- 
ſpicuous : and vpon it to trace ſuch. lines, and arches as 
you haue occaſion to yſe : that ſo your inſtrument may be 
ept clcaney and laſt longer. 
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For as much as in delincating the horary Circles, 
which are.within 39 degrees of the Meridian, the Semi» 
diameters will be ro0 long for your compaſſes : you may 
in that ſtreight thus helpe your {elfe. Firſt fay, 


AS the R Adin F | | 
is to the Sine of the Eleuation of the Pole , 
So isthe tang: .of the <5/tance of any Horary 
(ircle from the Meridian, ſuppole 2 7 
OT 20, 0T 15, Or Ic,or 5 degrees, 
to the arch of the Hor1z.9n betWweene the 
Meridian , and that horary Circl:, 


Reckon: this diſtance on the limbe of your Inſtru- 
ment from both ends of the Meridian , and marke it. 
Thus doe for the 25*, 20, 15%, 10, and 5* horary 
Circle on both ſides of each end of the Meridian. 


Then 1n any peice of cleane paper, through the mid- 
deft of the longer way, draw aline :- and toward one <nd 
which (I call the upper ende) croflc the ſame with a per- 
pendicular line exaRly equall ro the Diameter of your In- 
ftrument, the point of InterſeQion being the center. + . 


Take with your Compaſſes out of the paper of ſcales;, | 


the ſemidiameter of 60. degr: (which you may well-doe 
for an ordinary inſtrument) : and ſetting one foot on ei- | 
ther end of the Diameter, that point wherein;the other 
foot ſhall cutt the firſt long line, make your Center, and 
thereon draw an'Arch through both ends of the Diame- 
ter, and cutting the vpper pafr of the firſt long line : this 
Arch is cquall to that herary Circle, which js diſtane - 
from the Meridian 3odegrees the complement of 60... 
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with 4 points, and trom evety of thoſe points vnto the 
Acch draw lines parallel to the firſt long line. And having 
divided cuery one of thoſe fiuc parallel lines intercepred 
betweenethe Diameter and the Arck into 6 equall parts, 
for the 6 cimes- 5 degrees which remaine to the Meridi- 
av, draw through thoſe diviſions fr:m the ends of the 
Diameter (with a ſmooth-and.eyen hand) the Arches 25 
20, I5,l0and 5. 


Thoſe Arches you may transferre from the paper to 
your inſtrument jn this manner. Rubb the backe fide of 
the paper againſt the Arches, with fine powder of blacke 
lead: then applying the paper with Arches to yuur in= 
ſtrument, that the ends of the Diameter may exaly fall 
ypon the two oppoſite markes, in the limbe of your in- 
ftrament, which ſerue for the horary Circle that you 
would draw,cither 25, 20 15, 10, org, trace over that 
Arch with the point of any hard peice of wood ſharpe- 
ned: andtheblacke lead on the backe fide will ypon the 
iaſtrument leaue the print of that Arch. 


XXV. Vie. To ſetan vpright Wall 07 
plainevpon the inſtrument : and to find 
how many honres the Sunne ſhall ſine 
thereonat ſometime of the yeare. 


The ſituation of Wals, or Plaines is conſidered either 
inreſpet of the Meridian, or of the Horizon. And vato 
both ir is either perpendicular, or oblique,or parallel, 


| The plaine perpendicular to the Meridian, is that 
which ſtandeth direaly North, or South: which if it be 
alſo perpendicular to the Horizon, is called North, or 
South dire vpright. But if it Noope from the Zenith 
forward, it is called North, or Sourh inclining : If backe- 

ward 
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Divide each halfe of the Diameter into 3 equall parts, 
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ward, it is called North or South reclining, And note 


that in a ſtooping Plaine that fide which 1s roward the 
Horizon, is inclining, and that which is rowars the Ze 


nith is reclining. 


The 7 1aine oblique tothe Meridian is that which tan- 
deth not direRtly North, or South, but dechineth one fide 
into the Exft, and the other into the Weſt : and is there. 
fore called Declining Eaftward, or Weſtward, according as 
either ſide of the Plaine looketh : As if an vpright 


Wall being Southerne,declineth from the South into the 


Eaſt, .it is called Sozth declining Eaſtwards vpright. But if 
it be not vpright,it is called South dechning Eaſtward, and 
enclining, or reclining. 


The Plaine parallel to the Meridian, is that which Toa 
keth directly Eaſt; or Weſt ; and accordingly, hath bis hs 


denomination, whether it bee Fpright, Inclining, or Ree 
clinmg. ior 
The Plaine Parallel tothe Horizon, is called Horizontall ; 


and isrepreſented by the inſtrument it (elfe, or at leaſt by 
the innermoſt Circle of the limbe thereof. 


- And note that the Arch of Declination, is reckoned 
from the next Eaſt,or Weſt point, And that the Arch of 
Inclination,or Reclinationis reckoned fromthe Zenith, 
or the complement of it from the Horizon. So that «ne- 
ry vpright Plaine is vnderſtood to paſſe through the Ze- 
nith, which inthe inſtrument is the Center. 


And thus having ſhewel the ſenerall af:Rions c 
Plaines, wee will now proceed roſhew the manner hoy. 
toſert them vpon the Inſtrument. 


A Dire North, or Seuth vpright Plaine, is repreſen 
ted in the inſt-umenc by a line drawne through the Cen 
ter from the Eaſt point to the Weſt, which is alſo the 


Horizontall interi&Qion of the Plaine. And by it _=_ 
| ail 
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ſhall ſee that the Southerne (ideor face of the plaine is 0« 
pen to all the houres betweene fixe in the morning and 
_ fixe in the evening. And thar about Zondon, the Nor- 
therne ({ide,onely inthe Summer enioyeth the Sunne from 
his riſing till after ſeven in the morning : and from bes» 
fore 5 aclocke in the afternoone, till his ſetting. 


eA direlt Eaſt, or Weſt upright plaine, is repreſentel in 
the Inſtrument by the Meridian, which is alſo the Hori- 
zontall interſe&tion of the plaine. And 1n it you ſhall ſee 
that all the forenoone houresare open to the Eaſt fide : 
and all-the afterneone houres te the Weſt (ide. 


eA Declining Plaine is thus ſet upon the Inſtrument, 
reckon on the Horizon the arch of Declination,fromthe 
Eaſt,or Weſt points and at the end draw a line through 
the Center vnto the oppoſite point of the Horizon: Se 
thareach ſide thereof may be open to that point, either 
Eaſt, or Weſt, into which the Declination is ſuppoſed. 
| That line fo drawne throught the center is the Horizons 
tall inrerſeion of rhe plaine, and repreſenteth the plaine 
it ſc lfe, if it bee vpright. For example, there is about 
London an vpright Wall declining Eaſtwards 35 degrees: 
which TI would ſet vpon the Inſtrument. Hold the Sou- 
therne part of the Inſtrumenr to you,and reckon from 
the Eaſt backward into the North vpon the Horizon 35 
degrees : there draw'a line through the Center : this 
line ſhall not onely vpon the South fide repreſent a Sou- 
therne Plaine declining Eaſtward 35 degrees.Butalſo vp- 
on the North fide ſhall repreſent a Northerne Plaine de- 
clining Weſtward 35 deg. And moreover it will appeare 
that on the Southerne Tide ſhall bee drawne the houres 
from almoſt 4 a clocke in the morning, till z in the after 
noone. And that -n the Northerne fide ſhall bee drawne 
vpon one fide 4 a clocke in the morning onely : and ypon 
the o:her ſide all the houres from g 1n the afternoone 
ti'l Sunne ſet, 
And 
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And to conic quentiy rhe declination of an vpright wall, 
or Window being given, it may be found at what houre 
the Sunne vpon any day in the yeare will come to that 
Wall,or Window, and when it will goe from it. As in 
the former example, There is about London a Northerne 
wall declining Weſtward 35 deg. I would know at what 
_ time of the day the Sunne will begin toſhine ypon it on 
the 24 day of eAſarch. Set the Index at 35 deg: from 
Weſt toward South: and becauſe that day the Sunnes 
Declination 1s 6 degrees Northward ; Looke at what 
houre the ſix; Parallel aboue the Aquinodtiall toward the 
Center inceteth with the Index fo placed : and you fhall 
find itat 3 a clock in the Afternoone. W herefore at that 
time the Sunne will beginto ſhine ypon the Wall that 
ſame day. 


The Poles of every vpright Wall are in the Horizon 
go deg: that is acquarter of a Circle, diſtant from the 
line repreſenting the Plaine. Wheretore if vpon that 
line inthe Center you creR a perpendicular,the ends ther- 
of in the Horizon ſhall be the poles of that Plaine : and 
are ſo farre diſtant from the North and South points, as 
the Plaine it ſelfe is from the Eaſt, and Weſt. 


XXVI. Vſe. To ſet a» Inclining, 4d 
Reclining Wall, or Plaine vpon the 1#- 

rument : and to find: how many houres 
the Sunne ſhall ſhine thereon, «8 ſome 
time of the yeare, | 


When you haue an Inchning, or Reclining Plaine to be 
deſcribed on the Ini{irument. Firſt the Horizontall in- 
terſe&ion isto be ſer thereon, as if it were ypright ; to- 
gcthcr with the line perpendicular thereto, in which are 
the Poles of the Plaine; according as was taught in the 


XXV Vie, 
| 4 Then 


On 
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Then ypon the ſcale of degrees tn-your paper,reckon 
the arch of Inclination, or Reclinati:n; and with your 
compaſigs take, & ler it in your inſtrumcnt vpontheline 
perpendicular to the Horizontall interſection of your 
Piaine, from the Center that way into which the Inclina» 
tion, or Reclination tendeth : the ſame ſhall bee the yp- 
pe: moſt point of your Plaine, 

Againe, with your Compaſſes take the Complement of 
inci nztiongor recinmtion,buth upon th: ſcale of degrees, 
and aifoupon the ſcale of centers of arches in your pa- 
per : and ſet both ſpaces upon the ſame .perpencicular 
lint, but on the other fide of the center (cxtended if need 
be): At the ſhorter of thoſe ſpaces ſhal be the pole of your 
p:215e: and at the longer of them thal be the Center of it. 

Laſtly, ſerting one foot of your Compaſſes inthe cen- 
ter of your Plaine, and extending the other foot to the 
vppermoſt point, deſcribe in your Inſtrumentan Archof 
a Circl: :. which if you hane done well, wili cxactly fall 
vpon the ends of 'the Horizontal interſcRion of your 
Plaine. That Arch ſhall repreſent ycur Plaine, inclining 
vpon the lower ſide, which is toward the Horizon, or 
Limbe : but reclining vpon the vpper-ſide, which is ro- 
ward the Zenith,or Center. And fo either ſide thall ſhew 
in what hower-lin:s rhe Sunne, at ſome time of the yeare, 
will ſhine vpon it : that in delineating a Dyall thereon, it 
may not be combered with vnneceſſary houre lines. For 
Example, ſuppoſe that the former Piaine,which with the 
South declined Eaſtward 35 deg: doe allo incline 41 deg: 
go min. W herefore alſo with the North fide it ſhall de- 

cline Weſtward 35 deg - and Reclineq4r deg: 30 min. 
Deſcribe this plaine vpon your Inſtrument with an Arch 
of a Circle, found out as was taught Laſt before. And it 
will appeare that vpon the Inclining fide ſhall be drawne 
all the huure lines trom a{noſt 4 iathe morning, to 4 in 
the aftcrnoone: And vpoenthe Reclining fide ſhall bee 
drawre firſt 4 and 5 inche morning:and then beginning 
at ga ciocke, all louresto Sunne let, 
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And note that 1n ali Northerne plaines, the Norch 
Pole is eleuated : and in all Southerne plaines the South 
Pole iselevated. Except ſuch North inclining, and South 
reclining Plaines, thatin the Inſtrument fall below the 
North Pole, betweene it and the Horizon: For in them 
the contrary Pole is cleuated. And aiſo thata dire Eait 


and Weſt p'aine, if it Recline, hath the No:th Pole cl.- 


vated : andif ir Incline, the Sonth Pole. 


XXVII. Vſe; The Plaine being ſet 
vfon the Inſtrument, to find the diltan- 
ces of the houre lines, and Subſtile 
from the Horizonrall Interſection. 
And alſo the height of the Stile aboue 
the Subſtile. 


Eyery Dyalleirher hath aCenter in whichall the houre 
lines,rogether with th: Subſtile,and Stile doe meet:or elſe 

it hato no center, & ſo they arc al parallel one to another. 

If rhe Plaine being fet vpon the Inſtrument, cutterh 
the Pole of the Aquiroftiall (that is the point in which 
all the horary Circles crofſe the Meridian)che Dyalte be 
drawne vpon that Plaine ſhall have no Center. But if it 
cutteth not the Pole, the Dyal ſhall haue a Center. And 
of rheſe Dyals with Centers wee will firſt in:reare: as be-= 
ing moſt proper for the vſe of the Inſt: ument. 

Bchold therefore the Pole of your plaine heedily what 
horary Circle it falleth vpon : Or + it fall berweene any 
two, the diſtance of each being reaſonably apporticn:d, 
imagine a horary Circle paſſing through it. Morke in 
what point that horary Circ!e, either real,oc imagined, 
doth cutthe Plaine, that ſame point ſhall bee the place of 
the Subſlile in your Plaine :' and the hcight of the Stile 
aboue it, is the Arch of that horary Circle intercepted 
berwixt the Pole of the AquinoRial, and the point of 
de Subſtile noted in the Plaine. 

T 3 There 
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Therefore applying a Ruler to the Pole of your Plaine, 
carry it about vnto all the interſections of the Plaine 
with the houre Circles, and the ſubſtile ſcucrally ; and 
where in cucry place the Ruler ſhall cut the innermoſt 
Circle of the Limbe, there make a viſible marke: For the 
arches of the Limbe intercepted berwecne the Horizon- 
tall points of your Plaine, and eucry one of thole marks, 
ſhall be the diſtance intended to be ſought. *' 


Burt for the Horizontal plaine, the ends of the houre 
Circlcs in the Limbe of your in{trament, doe giue the 
ditance withour any more adoe. 


Concerning the height of the Stile aboue the Subſtile: 
It is apparent by the inſtrument,that ina Herizontaldyal, 
the 6 aclocke line lyeth dire&ly Eaſt and Weſt : and the 
Meridian perpendicular to it, direRtly North and -Scuth. 
And that the Meridian is the Sabſtile. And that the. 


height of the Stile aboue the Subſtile, is equall to the * 


height of the Pole in that place. 


It isalſo apparcnt, that in alldire& North and South 
Dyals, the 6a clocke Line is Jrawne parallcl to the Hori 
zon, and the Meridian perpendicu'ar to it : And that the 
Meridian is the ſubſtile. And that the height of theStile 
aboue the ſubſtile, it the Plaine bee vpright, isequall to 
rhe complement of the height of the Pole. But 1t it be 
North inclining, or South Reclining, it is cquallto the 
diffcrence , of the height of the Pole, and the Arch of 
Inclination,or Reclination. And if the Plaine bee North 
Reclintng, or South Inclining, it is equall ro the Summe 
of the complement of the height of the Pole and of the 
Arch of Inclination, or Reclination, And if the Plaine 
fall vpon the AquinoRiall, the lile ſhall ſtand vp perpen= 
dicular vpon it in the Center ; and the hower lines ſhall 
be drawne all at equall Apgles, vs. I5 degrees one from 
mother. ; 
a 
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In ſuch Dyals as haue not the Meridian for the ſub- 
ſtile, the height of the Stile aboue the Subſtile is thug 
foundby the Inſtrument. It was ſhewed before thar the 
hcight of the ſtile abone the ſubſtile is the Arch of the 
horary Circle through the Pole of the Plaine, intercepted 
berweene the pole of the AquinoGiall, and the point 
noted in the Plaine for the fubſtile. Therefore from the 
Horiz »ncall pornts, or interſeions of that horary Cir- 
cle reckon go degrees both wayes : and thereto through 
the Center draw an obfcure line : in which line hall be 
both the Inclination of that horary Circle, which is the 
diſtance of the interſetion, or vppermoſt poiat th-reof 
from the Center : and alſothe Pole. Then with your 
compaſſes take that diſt ance, or Inclination : and ſetring 
it ypon the ſcale of degrees in your paper,ſee how many 
degrees it containeth vpon thar ſcale, Againe vpon the 
fame ſcale take with your compaſſes the complement cf 
that inclination or diſtance, which being ſer vpon the ob- 
ſcureline onthe other fide of the Center, ſhall ſhew the 
Pole of that horasy Circle. Laſtly applying a Ruler to 
the Pole of that horary Circle, and both to the Pole of 
the EquinoRiall, and to the point of the ſubſtile in the 
Plaine {cuerally : marxe where in both places the Ruler 
cutteth the innermoſt limbe of your inftrument : For 
the degrees of the limbe intercepted betwixt thoſe 
markes, ſhall be the height of the ſtile, aboue the ſubſtile, 
wh:ch was ſought for. 

And by this which hath becne taught, you ſhall find 
that in an ypright Dyall declining,as before z5'deg: from 
the South into the Eaſt, or frum the North into the 
Wc<ſt, the ſubſtile ſhall fall vpon that horary Circle , 
which is about 3 deg: after ga cloc& in the morning:and 
the ſtile elevated aboue the (ubſtile abouc 3x deg: And 
alſo that in a South Dyall ceclining Eaſt ward 35 deg : 
and inclining 41 deg: 30 min: Or m a North declining 
Weltward 35 deg: and reclining 41 deg: 30min: the 
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ſubſtile ſhall fall vpon that horary Circle which is about 
$ degrees after 6 a clock: and the ſtile ejcuated aboue the 
ſubRilc about 63 deg. 30 mirates. 


XXVIIL. Vſe. The making of all man. 
ner of plaine Dyals with Centers, 


P 


I haue zlready ſhewed how to find out in our Inſtru- 
ment the diſtances of all rhe houre lines, and the ſubſtile, 
from the Horizontal interſeRion. Now the delineating 
of a Dyal is nothing elfe but to transferre thoſe diſtances 
out of your In(trament into the Dyzl plaine, euery one 
in his due fituation : and then through them, out of the 
Center, to draw ſuch houre lincs as ſhall be of vie, toge= 
ther with the {ubſtile. | 


The das ſituation of thoſe diſtanc:s vpon the Dyal 
plaine, dependeth on the true placing of the Meridian, 
o1 I2aclockeline : for that being truely deſcribed, all the 
reſt will be ezfic enough. . 

Firſt therefore I will ſhew the manner how the Mcri. 
dian, or 12 aclockelinc, is to be deſcribed. 


Take in your Dyal ſome poiat for the Center, where 
you ſhall thinke fit: 2nd through it draw aline parallel co 
the plaine of the Horizon. Crofle iriv the Center with 
a perpendicular line. And hauing opened your compaſles 
tothe length of the Semidiameter of your paper Inſtru- 
ment, deſcribe on the Center a Circle equallto the inner» 
moſt Limbe thereof. In which Circle the line parallel to 
the Horiz1n is for the Horizontal interſeRion : and the 
other for the line perpendicular to 1: : and the Circle it 
ſeife repreſenteth the plaine ; Marke therein the Eaſt and 
Weſt fides of the Plaine with E and Y. 


In the Horizontal, and in al North and South dire&t 
Plaines, both.vprighr, and ſtooping ; and in all vprighe 
e dec”. 
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declining plaines, the Meridian is perpendicutzr rothe 


Line parallel to the Horizon, 

In North inclining, «n4-Sonth reclining plaines, the 
Meridian is to bee drawne on that fide of the Dzal plaine 
etther Eaſt, or Weſt, into which the declination is: Bae 
in North inclining and South reclining, on the contrary 
ſide» And if the plaine bee Northerne, the Meridian 
ſhall be aboue the Line parallel to the Horjz 5n : an1 if the 
plaine be Southerne, it ſhal be vader it. And if the con- 
trary Pole be cleuated,it ſhall be drawne throughthe Ccn- 
ecr into the oppolite Quadrant of the Circle in your Dy- 
al plaine, | 

Laſtly in a dire Eaſt and Weſt plaine, both inclining 
and reclining the Meridian is the ſame with the line pa- 
raliel to the Horizon. 

W herefore with your compaſles take the diſtance in 
the limbe of your Inſtrument, from the next Horizcntall 
point, vnto the marke.of the Meridian ; and meaſure ir 
vpon the Circle of the Dyal plaine, in that part, and on 
that ſide, according as in conli !eration of the elcuated 
Pole, and of rhe qualitie of the Plaine, was ſhewed to be 
agreeable. And' at the cn1 of that arch, through the 
Center, draw a line for the Meridian. * 

Againe with your compaſſes take the diſtances in the 
limbe of your Inſtrument, betweene the marke of the 
Meridian, and the markes of all the houre Lines ſcuerally : 
and ſetting them vpon the Circle of the Dyal plaine or- 
derly from the Mcridian, the Forenoonc houres on the 
Welt fide of it, and the Afternoone hourcs on the Eaſt 
fide : at the eni of euery one of thoſe arches dra the 
houre Lines :. anddiſtinguiſh chem with their proper fi- 
gUres accordinglys 

Lallly faſten the Nile in the Center, ſo that 1t may 
hang p=rpengicular vnto the plaine in the Subſtile, at 
the init height. And becauſe the ſtile in every Dyal 


is yadecitood to be a ſegmentot the Axis of the world 
| which 
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which is aline imagined to paſſe from the North to the 
South Pole through the Center of the carth ; the Nile 
being rightly placed ſhal ſtill with the end point towards 
the cleuated Pole, thar is vpward fromthe Center, if the 
North Pole be elenated ; or downeward from the Cen- 
ecr if the South Pole beeleuated, | 


XXIX., Vſe. The making of all 
manner of plaine Dyals not hauing 
Centers. 


If the plaine reprefented on the Inſtrument (as was 
taught before in the XXV and XXVI Vſes)cut the Pole 
of the Zquinodiall, it is an horary Circle, cither one of 
rhem which aredrawne in the Inſtrument,or falling be- 
tweene ſome two of them : and the Dyall plaine it ſelfe 
ſhall not crofle the axis of the world, but lye parallel 
to it, without any Angle of cleuation. And cherefore ſuch 
a Dyal can haue no Center : But the Qiile, the ſubſtile, 
and all the houre lines ſhall be parallel one to another. 


Every ſuch Plaine repreſcnted on the Inſtrument, 


Either, Firf it is the Mcridian of the plzce,the Hori- 
zontall interſeftion whereof is the 12 a clocke Line 
drawne from North to South: and the Dyall made there- 
on,41$4 dire Eaſt, or Weſt ypright Dyal : In which the 
ſubſtile isdiſtant from the Line, 1n the Circle of the Dy. 
all plaine parallel ro the Horizon, with ah Arch equall to 
the elcuation of the Pole,and vpward toward the Pole. 
And is alſo the 6 aclocke line in your Dyal. 


The reſt of the houre lines are thus deſcribed. Draw 
through the ſubſlile , in any point, along Line at right 
Angles: thatline ſhall bee the ZquinoRtial interſeion 
vſually called the Conringent line; And t: king aconueni-= 
ent diſtance for the ſtile ro hang parallel over the ſubſtile 
( according to the greatueſle of your Dyall plaine ) 
meaſure 
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meaſure it vpon the ſubſtile from the AquinoRiall inter- 
ſetion: and vpon the end of that meaſure , deſcribe 
| halfe a Circle for the XquinoQiall it ſelfe. Diuide each 
Quadrant thereof from the ſubſtile, ints 6 equall parts, 
or houres. Then applying a Ruler to the Center, and to 
eucry one of thoſe diniſfions ſeuerally, where in every 
place the Ruler ſhall cut the long line of Aquinottiall in- 
terſeRion, make pricks : and through thoſe pricks draw 
the hourelines, parallel to the Subſtile, or 6 a clocke line: 
diſtinguiſhing ſo many of them as bee needfiill, with 
their figures: that-is all the Forenoone houres on the 
Eatt plaine, andall the Afternoone houres on the Weſk 
plaine, Bur in thefe Dyals there is no 12 a clock line, it 
being infinitly diſtant from the Subſtile. Laſtly hang the 
ſtile directly over the Subſtilez and parallel coir , at the 
diſtance formerly taken. And thus are your Eaſt, and 
Weſt Dyals finiſhed. 


Or Secondly, it is the ſixt houre Circle, the Horizon- 
tal interſe&ion whereof is the line of- Eaſt, and Weſt : 
and the Dyal made thereon is dire& North inclining, or 
South reclining, with an Arch equal to the complement 
of tbe height of the Pole. And the parallelto the Hort- 
zon isthe AquinoRial interſection : and the line perpen- 
dicular to it is the 12 a clocke line, and alſo the Subſtile. 


The reſt of the hoare Lines, from 7 a clocke in the 
morning, to 5 inthe cucning, are thus deſcribed. Take a 
conuenient diſtance for the Stile from the Subſtile,meaſu- 
ring it ypon the Subſtile from the AquinoCtial inter- 
ſeion : and on the end of that ſpace deſcribe the Semi- 
circle of the £quinoRtial, to bee diuided on both fides of 
the Subſtile into 6 houres : through euery one of which 
out of the Center, a Ruler being applyed ; at the points 
of the ſeuerall interſeRions of the Raler with the Aqut 
noRial interſeRion, draw the houre Lines parallel to the 
Subſtile, or 12 aclocke Line : diſtinguiſhingthem with 
their figures, namely 11, 10, 9, 8, 7, on the Weſt _ 
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jand I, 2, 3, 4,5, on the Eaſt ice: but in theſe Dyals 
. 'there 1s noſize aclocke Line, it being infinitly diſtant 
from the Subſtile. Laſtly hang the Stile direly over the 
Subſtile, and parallel to it, atthe diſtznce formerly taken. 


Or Thzaly,.it 1s North inclining, or South rccli- 
ning, and alſo dcclining : in which. 


As the tangent of the Elewation of the Pole, 

isto the Radine ; 

$o is the Sine of the compl: of Declamarion, 

tothe zang:of the compl:of [nclinationor Reclination, 


The Plaine being ſet vpon the infrumen by the Ar- 
ches of Deciination and Rooping thereof (as hath beene 
tavght in XXV | Vſc)ſhall cut the pole of the AquinoQi- 
all, Apply therefore a Ruler to the Pole of the plaine, 
| and tothe Pole of the AquinoQial ; and the point in 
qt! which it cutteth the Limbe, marke for the 1tubſtile ; 
| which is to bee transferred vnto the Circle cf the Dyal 
plaine, by taking the diſtance betweene that poinr, and 
the next Horizontal interſection, and ſetting it on that 
Circle from the line parallel to the Horizon, vpward if 
the plaine be North : or downe-ward if the phine bee 
South: and on thar (id? which is crntrary to the Declina- 
| tion. The ſubſtile being thus found,draw along line per- 
| pendicu'ar to itgfoarthe AquinoGtial intecſeRtion. And ta- 
king a conuenient djſtance for the Pile from the ſubſtile, 
| mea{ure ir vpon the ſubſiile from the £cuinoRiall 
W interſetion : and on the end of that ſpace deſcribe 
the S:micircle of the AquinoQial. Then looke in 
your Inſtrument how many degrees of the Aquinotial 
are intercepted betweene the Meridian, and the Arch 
repreſenting your Plainc : and reckoning ihe ſame num- 
ber of degrees vpon the XquinoGial of the Dyal plaine, 
| from the {ubſtile towards the fide of Declination, there 
| make a marke for.the Meridian point thereof ; in which 
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you muſt begin to dluide the AquinoQtial ſemicircle into 
houres both waycs : And that being diuided, apply a ru- 
ler tothe center, and te cuery one of the diuiſions: and 
at the pointsof the ſeuerall interſections of the ruler with 
the &quinodtal interſeRion, draw the houre lincs paral- 
fel to the ſubſtile. Set 12 at that houre line' which was 
drawne at the intcrſeRion through the Meridian point of 
the Equino&ial : and 1 1 10, 9, 8,8&c. on the Well fide : 
and I, 2, 3, 4» &c,on the Eait fide, Laſtly, hang the ſtile 
directly ouer thc ſubftile, and parallel to it,at the diſtance 


formerly taken, 


XXX Vie. How by Sines and tangents 
to calculate ihe places of the Meridian, 
and Subſtile, and ihe height of the Stile 

. aboue it : and the diſtance of the Meri- 
dian of the AquinoGtiall from the Sub- 
ſtile; together with the places of hore 
lines, 69th by calewlation, and a'ſo Geome- 
#r1cally, 


T haue alrealy taught the making of all manner of 
pom Dyals moſt eaſfiiy by the Inftrumcar, for the lane 
eight of the Pole. Bur if any man cithcr want an Inſtru- 
ment, or elſe defireth greater ex1tacfſzy I will alſo here 
ſhew how to pertorme the ſame by calculation, on the 
other ſide of the Inſtrument. 


In a plaine ere Dyall declining. 


Asthe Radius 

18 to the Sine of declination ; 

So isthe tang. of the compl. of the Poles height. 

to the tang. of the aiflance of the 
ſubſtile jrom the CMeridian. 


Againe 
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Parr IL 
Againe 
Asthe Radire | 
is to the Sine of the compl, of Declination ; 
So isthe Sine ot the compl. of the Poles heigbr, 
tothe Sine of the hesght of the ftile 
aboue the ſubſtile. 
Thirdly 
As the Sine of the Poles height 
is to the Radire ; 
So is the tang. of Declanetion, | 
to the tang. of the Dsfaxce of the CMwidian of the 
e/Equinoliall from the ſnbſtile. And this diſtance 
iscuer leſſe then 90 degrees. | 


In « plaine Faſt and Weſt Inclining 
«nd Reclining Dyall. 
As the Radins 
is tothe Sinc ef the compl. of { 27nat% 
So is the tang. of the beight of the Pole, 


fo the tang. of the diſtance of the ſnbſtile. 


from the Meridian, 
Againe 
As the Redins 
snclination 1 


So is the Sine of the hesght of the Pole, 
to the Sine of the beight of the ftile 
aboue the ſubfhile. 
Thirdly, | 
As the Sine of the cowpl. of the Poles hejghe, 


 istothe Radirw ; 


$o is the tang. of the.compl. of 1 yore | 
to the tang. of the diffance of the Meridian of the 
KquinoBiall frow the fubſtile, And this diſtance is 
euer greater then 90 degrees, ; 
| Js- 
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Is plaine Dyalls 65th declining and «lſs 
inclining, avdreclining. 
As the Radjun 
isto the Sine ofd — 
Sois the tang: of Declination, 


to the tang. of the compl. of the diffance of the Me 
ridian, from the line parallel to the horizon. 


Apgaine 
As the Radine | 
is to the Sine of the compl. of Dechination ; 
So is the tang. of the compl. of the Poles beight, 
to the tang. of Baſe I. 

If the Dyall be South reclining, or North inclining,the 
ſurmme of Baſe 1, and of the complement of Inclination or - 
reclination ſhall be Baſe 7. Burt if the Plaine be South in- 
clining, or North reclining, the difference of Baſe 7, and of 
the complement of inclination , or reclination ſhall bee - 
Baſe Il. 

Then ſay thirdly, 
As the Sine of thecompl. of Zaſe I, 
isto the Sine of the comp!, or excefſe of Baſe II ; 
So is the Sine of the height of the Pole, 
to the Sine of the hezght of the ſtile * 
| aboxe the ſnbſlile. 
| Fourthly, 
As the Sine of the compl, of the hezght of 
the ftile aboue the ſubſtile, . 
. Istothe Sine of Declination ; | 
Sois the Sine ofthe compl. ofthe height of the Pode, 
to the Sine of the compl. of the diſtance of the ſubſt1ls ' 
fromthe line parallel to the horizon, | 
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As the Sine of ghe compl, of the height of the file 
aboxe the ſubſtile, 

is to the Sine of Declination ; 

So is the Sine of the compl. of 4 69 97M 

to the Sine of the de/t<xce of rhe Meridian of the 
e/Equinetiall from the jubſtile, 


And note that in-South reclining, and Norch inclining 
Plaines, if Ba'e [7 be lfle then a quadrant, the Ccntrary 
pole is elcuated aboue the Plaine: And it Baſe 17 be equall 
to a quadrant, the Plaine doth cut tice Pole of the Aqui- 
noctiall. ; 

Now concerning the placing of the ſubſtiſe vpon the 
Dyall plaine (as I haue already in the XXF 111 Yſe ſhewed 
for the Meridian) Wee areto know, Firſt tharthe ſub. 
ſti eis to bedrawne vpward from the line parallel to the 
horizon,if the Plaine be Northerne ; or downeward from 
it,it ir bee Southerne. Except 1n1 North reclining, and 
South inclining Dyalls, m which the Baſe 7exceedcth the 
c mplement of inclination, and reclination : for in-them 
it is quite contrary.” And fecondly that the ſubitile is to 
be drawne in the contrary fide from the Declination. But 
in North inclining, and South reclining Dyalls, in which 
the contrary Pole 1s eleuated, the fubſtile muſt be drawne 
through the center into the oppoſite quadrant of your 
Dyall circle. 


Laſtly , the howre lines in all manner of plaine 
Dyalls, are thus to be found. 


Tf the ſubſtile and houre bee both on the ſame ſide of 
the Meridian : the arch of the Zquinodiall betweene the 
{ubſtile, and the howre line, ſhall bee £quali to the diff... 
renceof the rwo diſtances, namely of the houreline from 
noon: and of the Mcridian of the AquinoRiall from the 
ſubſtile. Bur it the ſabſtile bce ypou one fide oft the Me- 
41an, 
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ridian, and the houre on the other (ide : it ſhall becquall 
to the ſumme thereof, Then ſay | 


As the Radin 
| Isto the Sine of the hesgh of the ſtile 
abene the ſubſtite , 
So is the tang. of the arch of the £quinottiall,betweens 
the ſnbſiile and the houre line, 
to the rang. of the arch of the circle of your Dyall 
plaine, betweene the [ubſtile and that lower line, 

Or elſe ycu may without calculation Geomerrically 
inſcribe the hourelines in Dyals hauing centers(for how 
to doe it in Dyals not hauing centers, ] haue already ſhews- 
ed inthe X1X Fe) thus. 


Deſcribe in your Dyall plaine a line for the ſtile, at the 
ſame height or diſtance from the ſubſtile, that the true 
ſtile ought to haue. Take alſo inthe ſubſtile (as In reaſon 
you ſhall ſee fir) a point, nd through it draw at right 
angles a long line, for the contingent, or Aquinoctiall in- 
rerſcticn. Againe from the ſame point let tall a perpen- 
dicwar vnto the ſtil2 : the length of this perpendicularis 
the neareſt diſtance betweene that point and the ſtile : and 
it is alſo the diſtance of the center of the Aquinoiall 
from that point : meaſure it therefore ypon the lubſtile, 
the contrary way from the center of the Dyall 3 and ha- 
uing thus the center of the Mquinoctiall, deſcribe there- 
vpon toward the contingent line one halfe of the Aqui- 
no&iall circle : whichif the ſubſtile bethe Meridian, or 
12 aclck line of your Dyall, you muſt begin to diuide in- 
ro houres ar the ſubſtile :; Burif the ſubſtile and Meridian 
of your Dyall be (enerall lines, apply a ruler tothe center 
of the ZXquinoQtial, and to the interſcRion of the 12 a 
clock line with the contingent,and there draw a line : this 
line ſhal >eethe Meridian of rhe Aquinodial : at which 
you muſt begin ro diuide the Aquinottiall circle into 
houres,both wayes. Then applying araler vntothe center 


of the AquinoQtal & euery one of thoſe diuifions, _—_ 
| | e 
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the ruler in enery place ſhal cut the contingent line,therc 
makea marke : and laſtly, through cuecry one of thoſe 
marks from the center of the pall,draw tac houre lines 
themlclucs. On 

And if in any houre line it ſhall happen, that the raler 
ſo applied will not reach te interſecat the contingent line: 
you may thus help your ſelfe. Which rule alſo may ſerne 
youto find the Meridian of the Aquino&iali,as often 3g 
the incerſeRion of the Meridian of the Dyall with the 
contingent, falleth without your paper or plaine. 

Draw the houre line as farre as it will goe, And take 
with your Compaſſcs the diftance of the interſetion 
point of the contingent with the ſubRtile, both from the 
center of the Dyal, & fro the center of the KquinoQial. 
And taking at alladuenture a point inthe contir.gent line, 
on that fide in which the houre line is,meaſure from that 
point on the contingent, both thoſe diſtances : and at the 
ends of them both draw ewo lines parallel to the ſubſtile, 
croſſing the contizgent. Then applying a ruler to the 
point, which you tooke ar all aducnture,and to the inter= 
ſeaion of the parallel , which hath the diſtance of thar 
center , whence the houre line giuen proceedeth, with 
that houre line : where the ruler ſhall cut the other pa- 
rallel, make a prick : and meaſurethe diſtance betweene 
that prick and the contingent, vpon the former parallel, 
on the other {ide of the contingent. Laſtly, out of the 
proper center through the end of that meaſure, draw a 
line : which ſhall be that you ceſire. 

An example of this Geometricall Way of delineating th 
boxre lines you ſhall finde in the deſcription of a South wpright 
Dyall declinmg 35 degr. and reclining degr. 41 min. 30.by 
confidering whereof theſe rules will be found exceeding plainel 
ſet downe + As alſo all the other rules and obſernations here F 4 
linered , to one that 4 any Whit pregnant and ingenious, Will 


neede no other exemplification then the inſpettion of the inſtru- 


ment it ſelfe, and of theſe ſenerall Dyalls felowing 
FINIS. 
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A North Dyalldedlining Eaſtwards 1; deg. 
reclining 41 deg, 30 min, Latitude 5 4 deg, 


39 m:n, 


A Horizontall Dyall. 
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Sonth diredt reclining xqualltothecoms- 
_ plement of the poles height, 
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Weſt dire vpright. 
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Sou; h vpright declining Eaſtward 3 5 deg. 
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g Weſtward 76 depr. 
ning. 48 deg. 


South _— 


rect! 


South declining WeſtwardG 1 der. 


Reclining 2x deg. 9; min. 


The Tranſlator to the Readers, 


Courteous Readers , by reaſon of my abſence whileſt this 
worke was in the Prefle, ſome faults haye eſcaped, which 
othcrwife might happily haue bir avoyded : tor the Com- 
pozer b:ing vnacquainted with that manner of e/Equations 
expreſſed by letters, whereany jratimm was onthe onc fide, he 
miſplaced them a little our of order, which ought to haue 


bin ſer thus 
Rat, mula— 1tinRinsa 


_ I 
| D 
Other ſmall faults, either letters miſtaken, or points mi 
place, 1 requeſt you ro amend, where you tind them amiſle: - 


the chicfeſt chat 1 have zer noted are theſe which follow ; 
and are thus to be correced. 


Pag-1t, inthe table for, $2 make N. pag. 16 45» 34 vnto 
108 133 +3 P4935, nz. 61 3 P 36,4n,1 T I 7,95 P 36, 
lim.14 17 45 « 326+» Peqilzftn.ig, 112473 

ro cylindr:cal 
pag.5 3,/mm.% 18 it falſe, why 
20 coconfirme anerror ?'\£_ 
pag.56, lin.6, 4 roodlands & lin 14diminutiue pag.57,4.14, 
opinion is, thatat London a Cylindrical vefſell: pay. 94, tin. 
21, acirc!c, or go degrees. _ 

242-99, In the triangle 77, rhe ſmall line in the angle B; 
ſhewing it to be giuen, is wanting. pag. 100 A ter the tri- 
angle YV11 line 3, and thenthe fide DC, iyrhe 117 

And in the triungle F117, tet A atthe end of the pricked 
perpendicular line. Pag. 142, f5xe 10, to the tangent of the 
arch of- peg 143, fine 3, In North reclining, an South in- 
clining'plaines p.1 523, le 3c, North Dyalidcclining Ealt» 
wards 35 degr, | 


